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ABSTRACT
Data from the Southern Regional Dairy Cattle Breeding project 
(S-49) were analyzed by least square methods to evaulate genetic and 
environmental effects upon body weight and body weight gain. Data 
consisted of records on 1,352 purebred Ayrshire (A), Brown Swiss (S), 
Holstein (H) and Jersey (J) and 1,224 crossbred females. Sixty-one 
different major breed combinations were represented. Breed groups 
(PLB) represented proportion of a large breed (Brown Swiss and 
Holstein). According to this classification, six PLB groups existed 
at USDA, ARC, Beltsville, Maryland, four at Iberia Livestock 
Experimental Station, Jeanerette and eight at Georgia Coastal Plains 
Experimental Station, State Prison Farm, Reidsville, Georgia.
Six linear body measurements were studied at 6, 12, 18 and 
30 months of age at Beltsville and 6, 12, 18 and 24 months of age at 
Jeanerette. Linear measurements (cm) were wither height (WH), fore­
chest depth (FCD), forechest girth (FCG), length from withers to 
pins (LWP), length from withers to hips (LWH) and length from hips 
to pins (LHP). Body weights were taken at birth and at 3-month 
intervals up to 21 months of age at Reidsville and up to 42 months 
at Beltsville and Jeanerette.
xiii
Heterosis for body weight based upon overall mean of 
reciprocals ( A x H ,  H x A, H x S, S x H, S x A  and A x S) was 1.69%
at birth, 4.68% at 6 months, 4.44% at 12 months, 5.90% at 18 months
and 3.67% at 30 months for Beltsville. At Beltsville heterosis for 
linear body measurements ranged from 1.33% to 3.07% at 6 months, 0.58% 
to 1.45% at 12 months, 1.13% to 1.85% at 18 months and from 0.28% to 
1.51% at 30 months of age. Birth weight (kg) least squares means and 
standard errors for PLB breed groups 0, 0.375, 0.5, 0.75, 0.875 and 1 
were: 34.5 ± 0.7, 34.0 ± 1.1, 38.3 ± 0.6, 40.0 ± 0.7, 40.7 ± 1.3
and 39.6 ± 0.6. Body weight (kg) least squares means and standard 
errors at 15 months of age were: 308.7 ± 4.7, 341.4 ± 9.6, 347.0 ±
4.4, 365.1 ± 5.0, 371.4 ± 11.0 and 359.1 ± 3.8 at Beltsville. At 
Jeanerette, breed groups (PLB = 1) surpassed PLB = 0.5, PLB «= 0.75 
and PLB = 0.875 groups at all ages for linear body measurements and 
body weight. Birth weight (kg) least squares means and standard 
errors for PLB breed groups 0.5, 0.75, 0.875 and 1 were: 31.1 ± 0.9,
35.0 ± 0.9, 37.6 ± 1.3 and 36.1 ± 0.6. Body weight (kg) least squares 
means and standard errors at 15 months of age were: 263.4 ± 4.3,
278.4 ± 4.3, 281.0 ± 6.3 and 288.7 ± 3.4.
Body weight (kg) taken at birth, 6, 12 and 18 months of age 
at Reidsville indicated that females of PLB group 1 were significantly 
heavier (P < .01) than other PLB groups. The difference in weight 
between the PLB ** 1 and PLB = 0 groups was approximately 40% at birth 
and 27% at 18 months of age.
xiv
Birth weight (kg) least squares means and standard errors for 
PLB groups 0, 0.25, 0.375, 0.5, 0.625, 0.75, 0.875 and 1 were:
23.4 ± 0.2, 27.9 ± 0.5, 29.9 ± 0.6, 30.8 ± 0.3, 31.8 ± 0.8, 34.6 ±
0.4, 35.9 ± 0.5 and 38.5 ± 0.2. Body weight (kg) least squares means 
and standard errors at 15 months of age were: 224.3 ± 1.8, 246.2 ±
3.0, 268.6 ± 4.3, 273.7 ± 2.2, 277.7 ± 5.0, 292.2 ± 2.5, 298.8 ± 3.5 
and 299.9 ± 1.6 at Reidsville.
The major cause of variation was due to PLB group size for 
all three stations. Pooled data (Jeanerette and Reidsville) analysis 
indicated that year by season interaction effects were significant 
(P < .01) for all traits except weight at 3 months. Phenotypic corre­
lations among body weight at different ages ranged from 0.573 to
0.902 at Reidsville.
xv
I. INTRODUCTION
The pattern of growth of each particular animal depends upon 
both genetic and environmental factors. Thus, each animal or breed 
group may show different patterns of growth. This implies that, 
although there is individual variability, a characteristic rate of 
growth for each species and a characteristic adult size and develop­
ment pattern exist. Theoretically maximum size and development are 
fixed by heredity. Nutrition is an essential factor in determining 
whether maximum size will be obtained. An optimum nutritional regime 
is one which enables the organism to take full advantage of its 
hereditary capability.
Body growth is most commonly characterized by increase in 
weight. Size measurements such as height and various other body 
dimensions are also frequently employed. A combination of both 
weight and size measurements is more useful than either alone (8, 32, 
33, 53).
There are two ways that genetics can be utilized in a herd. 
Selection involves the choice of individuals to be used as parents 
of the next generation. The mating plan controls the way in which 
parents are mated. This entails inbreeding and crossbreeding. 
Combinations of both procedures are utilized to enhance production 
in future generations.
1
2Crossbreeding of dairy cattle has been practiced around the 
world. Most undeveloped countries make extensive use of crossbreeding 
with imported breeds as a means of upgrading local livestock. Under 
tropical conditions, Zebu cows have been crossed to purebred Holstein, 
Brown Swiss and Jersey bulls in an effort to improve growth and milk 
production. For example, India expects to import semen from western 
dairy breeds to breed 18.5 million native cows over the next 10 years. 
This will require 50 to 60 million services (24, 25, 31, 35, 43).
In the United States, three basic approaches have been 
followed to improve production: 1) Zebu breeds have been crossed with
the existing European breeds in various proportions as a means of 
introducing heat tolerance by crossing, 2) crossbreeding among 
European breeds was conducted to test for heterosis or hybrid vigor 
for growth rate, productivity and adaptability, and 3) intrabreed 
selection of European breeds was used to improve adaptability and 
productivity.
Several investigators found no justification for crossing 
dairy cattle with Zebu as a means of improving dairy cattle in the 
Southern United States (10, 17, 18, 26). Other investigators have 
examined the second approach and results were contradictory when 
heterosis for growth rate has been expressed as superiority of the 
crossbred mean over average parental mean (3, 9, 13, 16, 18, 24, 28, 
42, 45). In some cases the crossbred animals were heavier (16, 18,
28, 42, 45) and in other cases no significant differences were found 
(3, 9, 7, 42).
3The objectives of the present study are:
1. To evaluate the genetic and environmental effects upon 
growth of purebred and crossbred dairy heifers of various breeds 
raised at Beltsville, Maryland; Jeanerette, Louisiana; and 
Reidsville, Georgia.
2. To compare the effect of percentage of inheritance of a
large breed size upon body weight of heifers at the different
locations. (Holstein and Brown Swiss are considered large breeds.)
3. To determine heterosis for two-breed crosses.
4. To study weight gain at different age intervals.
II. LITERATURE REVIEW
Growth and Body Size in Bos taurus crosses
There have been many studies concerning crossbreeding of dairy 
cattle which give evidence of heterosis for a number of economically 
important traits. Several reports have inferred that even though 
crossbreds may not exceed the best purebred parental breed for any 
single trait, net economic merit of the crossbred might be superior 
when all traits that directly or indirectly affect net income are 
considered (3, 12, 27, 30, 31).
One of the earliest investigations of crossbreeding, which 
included a study of growth, was begun at the Wisconsin Agricultural 
Experiment Station in 1912. Cole and Johansson (11) reported in 1948 
that 12 reciprocal Holstein-Angus crossbreds were larger in heart 
girth throughout the growth period than the midpoint of Angus and 
Holstein dams. Small numbers involved make definite conclusions haz­
ardous, but results suggest that crossbreeding resulted in increased 
growth.
Shreffler and Touchberry (45) found that crossbred means were 
larger than parental purebreds (Holstein and Guernsey) means at all 
ages and for all characters studied, except six month height at 
withers. At 18 and 24 months of age crossbreds were significantly 
larger than purebreds for weight, heart girth and paunch girth. Cross­
breds were not significantly larger at all ages for depth of chest,
4
5height at withers and body length. Advantageous effects of cross­
breeding were smaller for skeletal measurements than for measures of 
fleshiness and percentage advantage of effects of crossbreeding 
decreased as age increased. At all ages breed of dam effect was con­
sistently larger than that associated with breed of sire. Relative 
sizes of effects associated with breed of dam, breed of sire, sires 
within breed and crossbreeding indicated that, for all measurements, 
additive rather than nonadditive genetic effects are the predominant 
factors influencing upon rate of growth.
Other researchers found that means of crossbreds generally 
exceed means of parental purebreds for body weight and linear measure­
ments at all ages from 3 months to about 2 years (19, 26, 27). Batra 
and Touchberry (2) and Touchberry and Bereskin (50) reported similar 
findings (Holstein and Guernsey) for weight and skeletal measurements 
at all ages from 3 to 48 months.
Comparison of crossbreds with weighted average of parental 
breeds demonstrated consistent positive hybrid vigor at all times. 
Degree of hybrid vigor varied according to age of measurement.
Maximum hybrid vigor for body size and growth rate generally was 
observed between 12 and 24 months of age. Weight showed the greatest 
level of hybrid vigor. Body measurements such as heart girth and 
paunch circumference were indicative of fleshiness or condition.
These measurements exhibited more hybrid vigor than body measurements 
which are indicative of skeletal growth such as wither height and 
body length (2, 23, 30, 50).
Birth weight generally exhibited 2 to 4% hybrid vigor and was 
subject to a highly significant maternal effect with cows of larger 
breeds producing larger calves. Weight at 3 and 6 months of age 
gen'erally had exhibited up to 6% hybrid vigor and weight at 12 to 
24 months showed 3 to 7% hybrid vigor (23). Hybrid vigor for flesh­
ing measurements was generally about two-thirds that for weight. 
Skeletal measurements generally exhibited less than half as much 
hybrid vigor as weight. When breeds differed greatly in mature size, 
maternal effects remained evident to ages as great as 36 months (23, 
45, 50).
In spite of the high proportion of significant hybrid vigor 
effects observed, many studies reported that additive effects 
associated with breed differences in size were much larger in magni­
tude than the nonadditive effects of hybrid vigor. In virtually 
every case where Holsteins were compared with crossbreds, they were 
equal to or larger than crossbreds. In general, hybrid vigor did 
not result in an animal larger than the largest breed (2, 23, 50, 52),
Economic advantages of hybrid vigor for growth are to be 
gained through heavier weights of animals sold for beef while in the 
growing stage and possible earlier maturity of breeding animals and 
consequent reduction of time required to produce replacements. Even 
though potential increase in income may be small, hybrid vigor for 
growth has been amply demonstrated.
Manifestation of hybrid vigor for growth could be little more 
than expression of freedom from disease and increased vitality. Also,
7this observation may well be correlated with the theory that hetero­
zygosity creates a genetic buffer which allows the animal to adapt 
more easily to adverse environmental conditions (23).
Advantages of crossbreds over purebreds (Holstein and 
Guernsey) were generally significant for body weight and linear 
measurements at 3, 6, 12, 18 and 24 months, but were not significant 
at 30, 26 and 48 months (50). Batra and Touchberry (2) noted that 
means of crossbreds exceeded means of purebreds (Holstein and 
Guernsey) in most cases at 3, 6, 12, 18, 24, 36 and 48 months for 
weight and linear body measurements, although in more than half the 
cases differences were not significant.
For body weight, heart girth and paunch girth, which are 
largely measures of fleshiness, differences between crossbreds and 
purebreds were significant at 18 and 24 months of age and also for 
heart girth at 12 months of age. For depth of chest, wither height 
and body length, which are largely measures of skeletal development, 
differences were not significant at any age. Also, percentages by 
which means of crossbreds exceeded means of purebreds were greater 
for weight and traits of fleshiness than for linear body measurements 
and traits of skeletal growth (45) .
Donald (13) demonstrated that mean birth weight of calves 
(5 ) produced by crossing Ayrshire, Jersey and Friesian cattle could 
be predicted from the following equation:
0 ± 1 lb - i(D + S ) + (D - S Jo o o o o
8where D and S refer to mean birth weight of dam's and sire's breed 
o o
or cross. The first term describes mid-parent value. The second 
represents maternal effects. No heterosis term was required. This 
linear model was shown to have wide application but researchers sug­
gested that if breeds whose weight differed more drastically than 
those of Jersey and Friesian were corssed, reduction below expected 
weight of offspring due to a small dam might exceed the increase above 
it due to a large one. Other data from cross between breeds of dis­
similar birth weight such as Jersey or Guernsey mated with Holstein or 
Brown Swiss have been reported (8, 16, 19). The main feature of these 
results was difference due to dam's breed in weight of crossbred off­
spring at birth. There was little or no evidence of heterosis.
Dickinson (12) reported that average weight of reciprocal 
crosses (Ayrshire, Holstein and Brown Swiss) was in all cases larger 
than that of average of pure breeds involved and that for all crosses, 
crossbreds out of the larger breed of dam were heavier than corres­
ponding reciprocal crossbreds out of smaller dam breeds. From their 
studies on birth weights in Holstein x Guernsey crosses, Touchberry 
and Bereskin (50) reported that breed of dam accounted for 52.1 to 
61.5% of subclass mean variance for birth weights while breed of 
sire accounted for only 14.7 to 20.2% of comparable variance for 
birth weight.
Pearson and McDowell (38) concluded from reports by Hilder 
and Fohrman (16), Brandt (8), Touchberry and Bereskin (50) and 
Johnson et al. (19), that differences in birth weight of reciprocal
9crosses, between breeds of dissimilar birth weight, were due to
effect of dam breed on weight of crossbred offspring at birth and
there was little or no evidence of heterosis. However, when breeds 
*
of more similar size such as Brown Swiss, Holstein, Red Dane and Red 
Poll were crossed, positive deviations above mid-parent values have 
been consistently reported. Deviations amounted to between 2 and 10% 
of parental means. However, from the small percent of heterosis in 
birth weight reported in both types of crosses, such conclusions 
relative to size of parents may not be valid.
Pearson and McDowell (38) observed that, despite differences 
at birth, positive heterosis for body weight has been shown con­
sistently at some stage between birth and 18 months. Weights of 
heifer calves from Holstein cows sired by Jersey at Beltsville or 
Brown Swiss at Clemson showed maximum deviation relative to mid-parent 
values to be at birth or shortly after. Calves from Jersey or 
Guernsey dams at the same stations showed peak deviations between 6 
and 15 months. Touchberry and Bereskin (50), and Johnson et al.
(18, 19) found that the same was true for calves from Channel Island 
dams in Georgia and Illinois where they were sired by Brown Swiss and 
Holstein bulls. Touchberry and Bereskin (50) showed that maternal 
effects upon body weight of crossbreds were more important than 
variation due to sires or to crossbreeding itself in cattle up to 
48 months of age. Regardless of the stage at which maximum deviation 
occurred, it represented between 6 and 10% of mid-parent value.
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Heterosis in skeletal size, estimated by body height and 
length, appears to decline with age. A similar decline is evident 
for fleshining measurements until first calving, but thereafter 
crossbreds at some stations regained an advantage over mid-parent 
average of up to 3% for reciprocal crosses combined. This is 
illustrated by the curvilinear trend of deviations expressed as per­
centages of mid-parent values for traits such as chest depth, fore­
chest girth, width of hooks, width of forerib and total body weight 
(9, 12, 19, 38). By end of first lactation two-breed crosses in 
Georgia showed heterosis of 6.4% for body weight in spite of higher 
lactation yields (19), but corresponding figure at Beltsville was 
-1.1% (38). The difference at Georgia increased after second calving 
and by the end of the second lactation crossbreds weighed 10.3% more 
than purebreds. Thus, it seems that crossbreds may be slightly 
heavier up to at least second calving but not much larger of frame 
than would be expected based on additive inheritance.
Touchberry and Bereskin (50) reported that nonadditive 
genetic effects from crossing Holstein and Guernsey breeds resulted 
in from 1.5 to 7.1% increase in weight at ages between 3 and 48 
months. Percent increases associated with crossbreeding decreased 
significantly as age increased from 3 to 48 months. Nonadditive 
genetic effects of crossbreeding on body weights were relatively 
small compared to 17.4 to 23.9% effect of sire breed. Dam breed 
effect was much larger than sire breed effect and this was attributed 
to prenatal effects. The possibility of cytoplasmic inheritance was 
not ruled out.
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Results obtained by McDowell et al. (27) at Beltsville, 
Maryland Indicated that corssbreds did not usually exeeed purebred 
Holsteins In body weight from birth to 24 months of age. Heterosis 
for birth weight ranged from 0 to 2.7% In some crossbred groups and 
in other cases it was negative (-1.0 to -8.0%). Body weight at 16 
months of age for crossbred females was 12 kg higher than the purebred 
average (Ayrshire, Brown Swiss and Holstein). When increased body 
weight at first breeding was related to age at first breeding, it 
appeared there was no marked advantage. In general, these workers 
concluded that heterosis for growth rate was not of economic signifi­
cance in producing dairy heifers for commercial purposes.
According to Karlsson (20) non-genetic factors influencing 
measurements of growth rate were: season of birth, year of birth,
performance test station and age at start of test. Season of birth 
had a strongly significant (P < .01) influence upon measurements of 
growth rate spanning the first year of life, but no influence on 
weight at 3 months or on daily gain up to 3 months of age. Effect 
of season of birth was probably caused by differences in climate and 
varying roughage quality during the year. These differences also 
varied between years and stations within breed as significant inter­
actions between season and birth year and season and station were 
found.
Breed additive, breed maternal and heterozygotic effects upon 
body weight, wither height, forechest depth, forechest girth, length 
from withers to pins, length from withers to hips and length from hips
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to pins at 6, 12, 18 and 80 months of age were estimated from linear 
regression analyses by Robison et al. (44) and Kelly (21). They 
reported that birth year, birth month and age of dam were significant 
environmental effects. They found that Ayrshire additive effects 
were smaller than Holstein for all traits at all ages except length 
from hips to pins at 6 and 12 months. Additive effects for Brown 
Swiss were smaller than for Holstein for body weight at 12 months, 
wither height at all ages, forechest depth and forechest girth at 6,
12 and 18 months, length from withers to pins and length from hips 
to pins at 18 months. Breed maternal effects were not significant for 
any trait at any age. Crossbred means generally exceeded means of 
paternal breeds, especially for body weight. Average heterosis for 
body weight was 3.0% at 6 months, 4.6% at 12 months, 5.0% at 18 
months and 3.5% at 30 months of age. Heterosis for weight increased 
with age through 18 months and declined by 30 months of age.
Heterosis for other traits was generally 1 to 2% with no age trend.
Bos tauru8 and Bos indicus Crosses in Warm Tropical Areas
Growth rate. Rathore (40) carried out analyses of variance 
for weights at several ages from birth up to two years on 233 
females in a herd maintained at Allabrabad, India. Mean weights of 
Sindhi and crossbred females were 19.30 ± 0.36 and 20.27 ± 0.27 kg 
at birth and 202.58 ± 5.71 and 277.03 ± 3.08 kg at two years. Mean 
weights of Sindhi and crossbred females were significantly different 
at all ages except one and four months. Differences among mean
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weights of crossbreds of varying proportions of European breeding 
were significant at all ages except two months and differences among 
breeds of European cattle Were significant at all ages except at 25 
months. Interaction between European breeds and animals possessing 
varying proportions of European blood was not significant Indicating 
additive gene effects. Rathore (40) further suggested that effects 
of different proportions of European blood on body weight of indivi­
dual animals could be expressed as a linear function of four 
variables: (1) percent of Sindhi blood, (2) percent of European
blood, (3) percent heterozygosity of the animal and (4) percent 
heterozygosity of the dam. He calculated values for the four 
variables at 0, 6, 12 and 24 months and from relative magnitude of 
the percentages suggested:
1. 'Increasing percentage of Sindhi blood resulted in 
increased growth.
2. Detrimental effects of European blood on body weight 
became more pronounced with increasing age suggesting lack of 
adaptability.
3. Calf heterozygosity was accompanied by increased growth 
which was apparently more pronounced at older ages.
4. Dam heterozygosity was accompanied by increased calf 
weight, particularly at birth.
It should be pointed out that European breeds included in 
this study were Jersey, Guernsey, Brown Swiss and Holstein Friesian 
and only sires of these breeds were used. Females were Red Sindhi
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or crossbreds In all cases. Influence of maternal environment was
evident at birth, but the effect gradually diminished as animals grew
older.
%
Naidu and Desal (35) studied effects of Friesian Inheritance 
on birth weight and subsequent growth by pooling sample data from 
Military dairy farms of Northern and Southern regions of India. In 
the north calves with 12/32 to 15/32 Friesian blood and in the south 
16/32 to 19/32 Holstein blood were heaviest at birth with mean birth 
weights of 57.3 and 63.0 kg. Authors explained that in the north 
heaviest calves resulted from using Sahiwal sires on dams with a high 
percentage of Friesian blood while in the south they reulted from 
using Friesian sires on Sahiwal dams. Maternal size and hybrid vigor 
of the fetus were considered as playing a major role in determining 
birth weights. Body weights at one year were higher in cows with 
8/32 to 19/32 Hostein breeding than in cows with either lower or 
higher percentages of Holstein breeding.
Goswami and Dey (15) reported mean birth weights of 25.26, 
23.13 and 25.90 kg for breed groups containing 8/16, 6/16 and 14/16 
Friesian breeding. They inferred that birth weight and weight at 
one month were not significantly influenced by amount of Friesian 
breeding. Body weights of three breed groups differed significantly 
at 3, 6, 9 and 12 months. Crossbred progeny having approximately 50% 
exotic breeding were reported to be most efficient for growth while 
those with 37.5% were less efficient and those with 87.5% were least 
efficient. Results obtained by Taneja et al. (48, 49) showed that
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when 2 breeds of diverse origin, one of superior merit and the other 
relatively inferior, are crossed the increase in production level 
associated with an increase in proportion of genes of superior parent 
is not linear.
Bhat et al. (4) collected data over a 30 year period at 8 
military farms on Sahiwal and their crosses with Holstein Friesian 
(HF) inheritance. Effects of grade (proportion of HF inheritance), 
farm and year were significant for all traits studied. Birth weight 
was lowest in Sahiwals (20.42 kg) and highest in 54/64 HF animals 
(25.75 kg) followed by 28/74, 48/64 and 63/64 HF. Least squares 
constants for body weight increased with increasing HF inheritance up 
to 50%. There was no further increase in body weight as the pro­
portion of HF inheritance increased, except that 63/64 HF females 
had significantly higher weights than Sahiwals at all ages studied 
and significantly higher weights than 23/64 HF females at several 
ages. Body weights of Sahiwals, 52/64 HF and 55/64 HF were lowest at 
all ages.
Bhat et al. (5) studied data collected from 1970 to 1973 on 
100, 99 and 95 crossbred Haryana calves sired by Holstein Friesian 
(HF), Brown Swiss (BS) and Jersey (J) bulls. Wither height, height 
at pins, chest circumference, belly girth and body length were 
measured at birth and at 3 month intervals to 1 year of age. Effect 
of genetic group was significant for all measurements at all ages.
HF and BS crossbreds did not differ significantly from each other, 
but were significantly larger than Jersey crossbreds. Birth season
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had a significant effect only at birth and at 3 months of age.
Birth year significantly affected most measurements up to 6 months 
of age. Wither height was significant at 12 months.
Effects of sire breed, dam breed and heterozygosity 
(F^ * 100%) on 14 growth, reproductive and dairy traits were studied 
in 41 grades of Sahiwal x.Holstein Friesian crossbreds recorded at 
military farms from 1939 to 1968 (49). Both additive and nonadditive 
genetic effects were associated with differences among breed groups 
for body weight. Heterozygosity for body weight at 52 weeks, 24 
months and at first calving was not significant.
Ghosh et al. (14) studied body weight of 45 male and 51 female 
Holstein-Friesian x Haryana F2  calves. Body weight varied from 24.71 
to 26.51 kg at birth and 52.35 to 52.93 kg at 6 months of age.
Effects of sex, generation and sire were not significant at 2, 4 and 
6 months of age.
I n  s t u d i e s  o f  c r o s s e s  b e tw e e n  A s i a t i c  an d  E u ro p e a n  b r e e d s  
(R ed S i n d h i  a n d  J e r s e y )  i n  t h e  G u lf  C o a s t  R e g io n  o f  L o u i s i a n a ,
McDowell et al. (27) reported that growth rates of F^'s, Fj 'b and 
Jersey backcrosses were superior to contemporary Jerseys at ages from 
birth through 18 months. Red Sindhi backcrosses were similar to 
Jerseys at these ages and only F^ crosses were heavier than Jerseys 
at 90 days after first calving. Branton et al. (10) reported similar 
results from Red Sindhi x Holstein and Red Sindhi x Brown Swiss 
crosses. In their studies of Red Sindhi x Holstein crosses at 
Beltsville, they observed that F^ and 3/4 H calves were significantly
17
(P < .05 or P < .01) smaller at birth (34.5 kg and 33.2 kg) than their 
Holstein contemporaries (38.6 kg). Red Sindhi x Holstein heifers 
were significantly smaller than Holstein contemporaries from 6 months 
of age through first calving. However, at Baton Rouge these differ­
ences existed only at 90 days following first calving. This was 
thought to be a result of relatively poor feering and management at 
Baton Rouge. Researchers indicated that as little as 25% Red Sindhi 
heredity had a distinct negative effect upon body weight and other 
growth traits with linear response in proportion to amount of Red 
Sindhi breeding. Information on growth rate of progeny of crossbred 
sires in these studies was limited to data on F2  Red Sindhi x Jersey 
crosses. Brown Swiss x Sindhi investigations were carried out at 
Homer, Louisiana, and Brahman x Jersey crossing was done at College 
Station, Texas (10, 17). In all these studies crossbreds were com­
pared with a contemporary purebred. Branton et al. (10) provided a 
collective interpretation of results involving those crosses. Cross­
bred groups with 1/2 to 3/4 Zebu heredity had a greater resistance to 
parasites, shorter hair coat and more heat tolerance than their 
European contemporaries. Crossbred groups had lower milk yield, feed 
efficiency and rate of growth rate. Based upon these results it 
appeared that introduction of Zebu breeds was not justified as a 
means of improving dairy cattle in the southern United States.
Body weight at birth, 2, 6, 12, 18 and 24 months was recorded 
on groups of 203, 172 and 158 calves produced by Hariana inseminated 
with semen from 13 Holstein Friesian (HF), 12 Brown Swiss (BS) and 14
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Jersey bulls (7). The investigators found that genetic group had a 
significant effect upon body weight. Birth weight was signficantly 
lower in Jersey crossbreds (20.06 kg) than in HF and BS crossbreds 
(24.13 and 24.12 kg). All 3 types of crossbreds differed signifi­
cantly from each other at 6 and 12 months. At 18 and 24 months HF 
crossbreds (238.45 and 310.00 kg) and Jersey crossbreds (230.58 and 
301.47 kg) did not differ significantly from each other. Calf sex 
had a significant effect upon body weight at 12 months of age only. 
Birth season had a significant effect at 6 months of age only. Parity 
had a significant effect upon body weight in this study.
Bath et al. (6) reported that from 1970 to 1973 data were 
collected at birth on 189 Holstein Friesian x Hariana (HFH), 161 Brown 
Swiss x Hariana (BSH) and 137 Jersey x Hariana calves. The study 
showed that sire breed had a highly significant effect upon birth 
weight, wither height, height at pins, chest circumference and paunch 
girth. Jersey crossbreds differed significantly for weight- and 
height measurements from HFH and BSH crossbreds. The HFH and BSH did 
not differ significantly from each other. Season of birth had a 
highly significant effect upon chest circumference and paunch girth. 
Birth year had a significant effect upon birth weight, chest circum­
ference and paunch girth. Calf sex, parity, gestation length, 
preceding dry period and calving interval had no significant effect 
upon traits studied.
According to Rios (42), monthly body weights for purebred 
Holsteins were significantly higher than the average of crosses at
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all ages. Purebred sired crosses had significantly higher body 
weights than crossbred sired crosses only after 16 months of age. 
Birth year significantly affected body weight at all ages and month 
of-"birth was significant after 6 months of age with the exception of 
30 days postpartum. Average daily gains at monthly intervals showed 
no significant differences among breed groups-. However, purebred 
Holsteins had higher rates than the average of crossbred groups at 
1, 4, 10 and 12 months. With a few exceptions, purebred sired 
crosses were superior to crossbred sired crosses. Significant 
differences were found among breed groups for wither height and dis­
tance from withers to pins at all ages except 6 months for the former 
and 12 months for the latter. Purebred Holsteins were significantly 
larger than the average of crossbred groups.
Rao et al. (39) reported that mature body weight was reached 
at 6 to 7 years in 3/8 and 5/8 HF and 1/2 BS crossbreds and at 7 to 
8 years in 3/4 HF. Growth was most rapid for body length, followed 
by chest circumference and body weight. Body weight exhibited the 
highest veriability followed by chest circumference and body length.
Pandey et al. (37) studied milk production, growth and 
reproductive traits of 82 Friesian x Red Sindhi (FRS) females with 
1/8, 2/8, 3/8 or 4/8 Friesian inheritance. Body weights taken at 
6, 12, 18 and 24 months of age were significantly higher in 4/8 FRS 
than in the other crossbred groups. No significant difference among 
crossbred groups was found for body weight at 36 months of age.
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Relationship Between Body Size and Milk Production
Some researchers have found a positive relationship between 
body size measurements and milk production (22, 30, 51), while 
others have reported a genetic antagonism (8, 51). The phenotypic 
correlations between body size measurements at different ages and 
between these measurements and 3.7% fat corrected milk (FCM) were 
studied by Rios (42). Correlations between body weights and skeletal 
measurements at different ages were found to be the greatest. 
Correlations among body weights were larger than correlations between 
body weight and skeletal measurements especially between body weight 
at 18 months and body weight postpartum (r = 0.604). Phenotypic 
correlation values between body size and milk production were too 
small to be used as predictors of milk yield. Phenotypic correla­
tions between body weight taken at 7 and 18 months and postpartum 
and height at wither at 18 months were found to be 0.397, 0.531 and
0.456.
Touchberry (51) reported the values of phenotypic correlation 
between wither height and body weight (0.534), chest depth and body 
weight (0.665), heart girth and body weight (0.808) and body length 
and body weight (0.701). These phenotypic correlations were signifi­
cant at P < .01.
Phenotypic correlations reported by Miller and McGilliard 
(32) between age and weight were 0.34, 0.28 and 0.25 for Holstein, 
Guernsey and Jersey respectively.
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Lazarevic (22) studied correlations between body size and 
milk yield. Phenotypic correlation between weight at birth and daily 
gain was -0.026 ± 0.035 and the genetic correlation was -0.010 ±
0.027.
Karlsson (20) reported phenotypic correlations between daily 
weight gain up to 3 months and weight at 3 months of 0.61 and 0.56 
for Swedish Red and White cattle (SRB) and Swedish Friesian cattle 
(SLB). Phenotypic correlations between weight at 3 months and weight 
at 1 year were 0.61 and 0.63 for SRB and SLB. Weak phenotypic 
correlations were found between daily weight gain up to 1 year and 
weight at 3 months. Phenotypic correlations between height at 
withers and chest girth were 0.49 and 0.46 for SRB and SLB.
Literature suggests that additional studies should be conducted 
concerning growth rate of heifers at different environmental 
conditions.
III. EXPERIMENTAL PROCEDURE
Data used for this study consisted of body weights and 
measurements of dairy cattle collected from three crossbreeding 
experiments involving Ayrshire, Brown Swiss, Holstein, Jersey, Red 
Sindhi and their crosses. The three herds (stations) were located 
at:
1. United States Department of Agriculture (USDA), 
Agricultural Research Center, Beltsville,
Maryland.
2. Iberia Livestock Experimental Station, Jeanerette, 
Louisiana.
3. Georgia Coastal Plains Experimental Station, State 
Prison Farm, Reidsville, Georgia.
Henceforth these stations will be referred to as Beltsville, 
Jeanerette and Reidsville.
Records were from 1948 to 1973 at Reidsville, 1956 to 1967 
at Beltsville and 1955 to 1967 at Jeanerette. Holsteins were common 
to all stations, Brown Swiss and Jersey to two stations, and Ayrshire 
and Red Sindhi to one station each as presented in Appendix Table 1.
Foundation Cows
At Jeanerette and Reidsville, foundation Holstein and Brown 
Swiss were obtained from commercial breeders while existing Jerseys
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were used at foundation cows. At Beltsville foundation cows were from 
30 to 35 herds per breed from three locations in the United States.
A more detailed description of selection, rearing and management
t
practices used for foundation and experimental cows has been reported 
previously by McDowell et al. (26,.27, 28, 30), Rincon (41), Hollon 
et al. (17) and Rios (42). Purebred Holstein females were common to 
all stations and were the main standard of comparison. Purebred 
Brown Swiss were used as a comparison group at Beltsville and 
Reidsville. Purebred Jerseys were present only at Reidsville, but 
were used for crossbreeding at Reidsville and Jeanerette. Ayrshire 
females were present only at Beltsville. From all experiments there 
were records on 1,352 purebred females and 1,224 crossbreds, which 
represented 61 different breed combinations. Distribution of females 
by breed combination and station is presented in Appendix Table 1.
B r e e d in g  P l a n s
In the planning and implementation of investigations, efforts 
were made within bounds of available resources to use animals with 
potential merit of breed average or above and provide practical 
environments for estimating performance. This principle was applied 
in selection of both foundation females and sires.
From 1957 through 1967 all possible combinations of 2-breed, 
3-breed and 5/8 crosses were made with Ayrshires, Brown Swiss and 
Holsteins at Beltsville. Purebred contemporaries of each breed served 
as controls. Forty heifers of each pure breed, purchased from 101
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herds in Ohio, Kansas and the northeastern U.S., were assigned to 
four comparable groups of approximately 10 each. Mating for each breed 
was carried out as illustrated in Figure 1 for Ayrshires. First and 
second generation matings were planned as indicated to provide com­
parisons between contemporary purebreds and crosses in the same 
generation. The objective of the study was to explore additional 
theoretical and practical aspects of interbreed matings for commercial 
dairy production.
Foundation groups for Jeanerette were assembled from 1956 
through 1957. These consisted of 48 Holsteins, 33 Jerseys and 27 Red 
Sindhi crosses (1/2 or 1/4 Sindhi x Holstein or Jersey). Holsteins 
came from two USDA stations (Beltsville, Maryland and Huntley, 
Montana). Seventeen Jerseys came from Beltsville and the remainder 
from Jeanerette. About half the Red Sindhi crosses were from 
Jeanerette and the remainder from Beltsville or the Georgia Coastal 
Plain Experiment Station, Tifton. Brown Swiss and Holstein sires 
were used to produce 2, 3 or 4-breed crosses and backcrosses as shown 
in Figure 2. Crossbred sires represent crosses and backcrosses as 
shown in Figure 2. Crossbred sires representing 2- or 3-breed crosses 
were mated to various combinations of crossbred females (Figure 2). 
Objectives were to compare effectiveness of selection within Holsteins 
for performance under Gulf Coast conditions with that of rotational 
crossing or from a genetic pool of Brown Swiss, Holstein, Jersey and 
Red Sindhi breeds (inter-mating of crossbreds).
Foundation
Sires
1st gen.
Sires
2nd gen.
Sires
.3rd gen.
HA
HSASHA
SA SHA
HA
10 A
SA
AAAA ASHA
AAA
10 A 10 A
AA
10 A
HSA
AHSA
Figure 1. Mating plan for each breed at Beltsville as illustrated 
for Ayrshires; A = Ayrshire, S = Brown Swiss and H = 
Holstein.
Found.
Sires
1st gen.
Sires
2nd gen.
Sires
3rd gen.
HSJHSH XXXXXX SHJHHH HSRSH
HSHRSHSJHSHJSHSH XXXXXX XXXHHH SHSH
SH S JHJ HR SRHH
44 H 33 J 27 R
Figure 2. Mating plan for Jeanerette; H = Holstein, J = Jersey, R * Red Sindhi crosses, 
X = Crossbred sire, XXX = Inter-cross of crossbreds and S = Brown Swiss.
Found.
Sires
1st Gen.
Sires
2nd gen.
Sires
3rd gen. JSHJ SHSJHHHH SSH HHS HJHJJHHJSSSS
HHH SH
SJSJ
HS SHJHHJ JSJ
JSSJ
SSJSSS JHJ HSJ JJJ
JJJJ
30 S 30 J
HH
30 J
JJ
30 H
HJ
30 J
Figure 3. Mating plan for Reidsville; H = Holstein, S = Brown Swiss and J = Jersey.
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The objectives of the Reidsville program was to compare suit­
ability of purebreds and crossbreds in a warm region. Foundation 
females were drawn from a Jersey herd established a number of years 
earlier at the Georgia State Prison Farm and groups of Brown Swiss 
and Holsteins purchased in the early 1950's. Brown Swiss, Holstein 
and Jersey sires were used to produce purebred controls, 2- and 3- 
breed crosses, backcrosses and crisscrosses (Figure 3).
Sires
In order that breeding plans could be duplicated in commercial 
dairy herds, all sires were selected from 29 U.S. Artificial Insemi­
nation organizations offering semen for public distribution. For 
Beltsville and Reidsville, three sires per breed were selected at 
random each year from all sires available for service with the 
restrictions that semen quality be good, sires have at least 10 
daughters with lactation records reported in the USDA National Sire 
Summary and sires be unrelated in the first two generations. Holstein 
sires used at Jeanerette were required to have at least 100 Al 
daughters with an average milk yield at least one-half genetic standard 
deviation above breed average and a progeny average fat test of at 
least 3.6%. Same criteria were used in selecting Brown Swiss sires 
except that 25 daughters were required per bull with an average fat 
test of at least 4.0%. Sires were rarely used for more than one year 
to service both purebreds and crossbreds in all herds. As a result 
there were few progeny per sire but many sires were represented.
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Feeding and Management
Heifers were fed to maintain a good rate of development.
Main sources of nutrients were pasture in season and/or silage and 
hay along with concentrate supplements. Pastures were utilized as 
partial roughage for lactating cows in all herds except during first 
lactation at Beltsville.where complete drylot feeding was used.
Silages made from grass, cereal grains or corn were fed free choice 
in all herds with hay usually restricted. Concentrates were allocated 
according to milk yield, fat content and body weight. Feeding during 
first lactation at Beltsville was 100 to 115% of Morrison's Feeding 
Standards (34). At other locations feeding was 100 to 110% of same 
standards.
All calves were identified Immediately after birth with a 
neck tag and ear tattoo. They were allowed to stay with their dams 
for a period of about 72 hours. For the first 30 days whole milk, on 
a 10% body weight basis, was fed twice daily and grain and water were 
offered free choice. In the following 60 days whole milk was replaced 
by reconstituted skim milk and fed on same basis as whole milk. Grain 
up to 1.4 kg and free choice alfalfa hay were fed daily during this 
period. At 90 days of age calves were weaned from the liquid portion 
of the diet and moved to community pens where group feeding of grain 
up to 2.7 kg and alfalfa hay or corn silage was continued until 7 
months of age. Estrus was recorded after 12 months of age. 
Reproductive tracts were palpated for abnormal conditions and before 
each expected breeding.
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At Beltsville and Reidsville heifers were bred at first 
estrus following 15 months of age and 17 months at Jeanerette regard­
less of body weight. Insemination of heifers continued until con­
ception or until heifers reached 20 months at Reidsville, 24 months 
at Beltsville and 26 months at Jeanerette.
Data Editing
Usefulness of body size expressed as skeletal measurements 
and as body weight is not only important from the economic aspect of 
weight per se but also in its connection with production traits. All 
records used were based upon growth traits (body weight and skeletal 
measurements). Observations that were obviously errors were 
deleted before analysis. Only females were considered in this study. 
Body weight (BW) was taken at birth and at 3 month intervals up to 21 
months at Reidsville and up to 42 months at Beltsville and Jeanerette. 
Skeletal measurements, including wither height (WH), length from 
withers to pins (LWP), forechest depth (FCD), forechest girth (FCG), 
length from withers to hips (LWH) and length from hips to pins (LHP) 
at 6, 12, 18, 24 and 30 months of age at Beltsville and Jeanerette, 
were taken.
Seasons considered in the analysis were as follows:
1. December-Februray
2. March-May
3. June-August
4. September-Noveraber
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Number of animals common to two or more stations, by year 
among groups for all stations, Is shown in Table 1. Number of 
animals by generation and year of birth for various group sizes,
t
taking into account proportion of genes from a large breed size (PLB) 
at each station, are presented in Appendix Tables 3, 4 and 3. Pure­
bred Holstein and Brown Swiss were considered as large breeds and 
represented PLB = 1. Ayrshire, Jersey and Red Sindhi were considered 
small in their respective stations. They represented PLB = 0.
Statistical Analysis
Linear methods were employed (36). Sets and subsets of data 
analysed were as follows:
1. Each station data set was analysed separately consider­
ing unique conditions and experimental procedure. Analyses of 
Beltsville data will be discussed fully due to its scope and design. 
Analyses of individual station data for Reidsville and Jeanerette 
were also performed with PLB being independent variable of main 
interest.
2. Analyses of a subset of data that only included breed 
common to two or more stations were carried out and will be discussed 
fully.
Models used tested the sets and subsets for prediction of 
breed group differences in PLB, taking into account genetic and 
environmental effects for each station or pooled data from two or 
more stations. Body weights will be referred to as birth (Wt B), 3 
months (Wt 3), 6 months (Wt 6), 12 months (Wt 12), 15 months (Wt 15),
TABLE 1. Number of records for various breed groups common 
to at least two experimental herds.
Breed Group3
Beltsville
Station .
Jeanerette Reidsville
Brown Swiss (S) 94 - 221
Holstein (H) 103 118 266
S x H 15 19 13
S x J - 12 100
H x J - 20 146
S x HJ - 16 84
S x HSH - 1 10
H x SH - 14 15
H x HJ - 1 14
H x SHJ - 2 61
0
Breed of sire is identified by the first symbol of 
the cross.
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18 months (Wt 18), 24 months (Wt 24), 30 months (Wt 30) and 36 months 
(Wt 36). Linear body skeletal measurements were taken at 6, 12, 18,
24 and 30 months of age. They will be referred to as: WH 6, WH 12, 
WH 18, WH 24, WH 30, LWH 6, LWH 12, LWH 18, LWH 24, LWH 30, LWP 6,
LWP 12, LWP 18, LWP 24, LWP 30, LHP 6, LHP 12, LHP 18, LHP 24, LHP 30,
FCD 6, FCD 12, FCD 18, FCD 24, FCD 30, FCG 6, FCG 12, FCG 18, FCG 24
and FCG 30, where the numeric portion of the acronym represents age 
In months. Traits were analysed using the General Linear Model
(GLM-SAS79) developed by Barr et al. (1).
Statistical models Included environmental factors as well as 
genetic effects. Birth year and season were considered to be major 
sources of environmental variations. Birth year was Included to 
account for variation due to differences In general management 
practices, feed and feed quality, incidence of disease, etc., across 
experimental period. Season was included to account for effects due 
to climatic variations within years. Generation number of each 
animal was included for variation due to possible genetic trends 
across generations for any breed group.
In each of the described models, all effects were assumed to
be fixed except random errors. It should be pointed out that not all
of the possible interaction effects were included in this model. One
of the reasons for this was the time trends involved in the data, as
can be observed in Appendix Tables 3 through 5. Another reason 
involved size of matrices.
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Model 1
The first statistical model used to make comparisons among 
bre.ed groups according to the proportion of genes of large breed 
size (FLB) was:
where:
Xijklm -*'+ Y l + Sj + YSiJ + Bk + SV .  + °1 + Cijklm
X . - is the observation on the m1^  animal of the k*"*1 * ijklm
th
PLB breed group for the 1 generation b o m  in
. . th _ , th
the j season of the i year.
y . is the overall mean.
Y^ is the effect due to the i year of birth.
th
Sj is the effect due to the j season of birth.
YS.. is the interaction effect due to Y. and S. after
ij 3- j
these average effects have been removed.
th
is the effect due to the k PLB group.
SB., is the interaction effect due to S. and B, after
jk j k
these average effects have been removed.
this the effect due to the 1 generation.
the . . is the random error associated with the m ijklm
animal of the k ^  breed group (PLB) in the I*’*1
th Vi
generation born in the j season of the 1th year
which is assumed to be normally and independently
2
distributed (NID), with mean 0 and variance o .
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Model 1 was fitted to body weight at ages recorded for each 
data set and gain in weight as follows:
Gain 1 - Wt 3 - Wt B; Gain 2 - Wt 6 - Wt 3; Gain 3 «
Wt 12 - Wt 6; Gain 4 - Wt 15-Wt B; Gain 5 - Wt 18 - 
Wt B; Gain 6 - Wt 24 - Wt 18; Gain 7 - Wt 36 - Wt 24.
The predicted probability of a difference between any two 
least squares means was calculated according to the General Linear 
Models procedure (GLM standard Program SAS79) described by Barr et 
al. (1).
Model 2
Analysis of variance procedures for heterosis effects in 2- 
breed crosses consisted of main effects model that included 
year and season of birth, generation, breed of sire (additive 
genetic effect), breed of dam (additive genetic and maternal effects) 
and the interaction of breed or sire dam (nonadditive effects) as 
fixed main effects. Model for this analysis was as follows:
Xijklmn - y + Y. + S. + YS.. + G. + P. + D + PD, + e i j ij k 1 m lm ijklmn
where:
Xijklmn» Yi» Sj ’ YSij are the same as described
previously under Model 1
P
D
G,
m
tilis the effect due to the k generation,
is the effect due to the 1 ^  breed of sire
is the effect due to the m*"*1 breed of dam.
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PD, is the effect due to the interaction of breed 
lm
of sire and breed of dam or heterosis.
2
e . , is a random error, assumed to be NID (0,o ). ijklmn * e
A subset of data from Beltsville and data from Jeanerette were ana­
lysed by Model 1 and Model 2 for skeletal measurements at specific 
ages depending upon the data set.
Model 3
Analysis of variance of pooled data from two or more stations
was based upon the following model:
X.,n  - p + Y. + S. + YS. . + H. + HS.. + B. + HB. . + SB.. + e... . ijklm i j ij k jk 1 kl jl ijklm
where
Y., S. YS,, are the same as described under Model 1.
i j » ij
til
is the effect due to the k station.
HS.. is the interaction effect due to H. and S.jk k j
after these average effects have been removed.
H B ^  is the interaction effect due to and B^ after
these average effects have been removed.
SB. is the interaction effect due to S. and B,
jl j 1
after these average effects have been removed.
B^ is the effect of the breed common to two or
more stations.
2
e.... is a random error, assumed to be NID (0,o )ijlkm * e'
This model was fitted to weight and gain in weight for breeds common
to two (Jeanerette and Reidsville) or three stations.
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Model 4
The unbalanced nature of the data and number of Interaction 
cells made it difficult or impossible to include all interactions.
Year and season effects were not consistent from herd to herd 
(Appendix Tables 2 through 4). Herd-year-season of birth subclasses 
(HYS) were used in the model to remove these fixed environmental 
effects. A total of 781 observations from different breed groups at 
Jeanerette and Reidsville and 430 observations from two breeds 
(Holstein and Brown Swiss x Holstein) common to Beltsville, Jeanerette 
and Reidsville were included.
Analysis of variance of pooled data from two or more stations 
was completed according to the following model:
where
X.,. = y + HYS. + B. + G. + E.ilkm i TL k ilkm
thHYS is the effect due to the i herd-year-season, and Bi,
G. , and e... are as defined earlier, k’ ilkm
Phenotypic correlations. Phenotypic correlations between 
body weights and skeletal measurements were calculated. These corre­
lations involved body size measurements at 6, 12, 18, 24 and 30 
months of age.
IV. RESULTS AND DISCUSSION
Data on body measurements were analysed using four models. 
Accuracy of these models in accounting for variation in body weight 
(BW), wither height (WH), length from withers to pins (LWP), length 
from hips to pins (LHP), forechest depth (FCD) and forechest girth 
(FCG) for purebred and crossbred heifers at various ages was investi­
gated. PLB groups considered for the present analysis as well as the 
number of animals for each PLB group are presented in Appendix Tables 
2 through 4. Model 1 was applied to each data set.
The design of these crossbreeding projects at Beltsville will 
be discussed fully. Data from Jeanerette, which included some cross­
bred heifers which contain proportion of genes from Zebu type cattle, 
are of interest. Results of analyses of variance from Reidsville 
are presented in Appendix Tables 9 through 14. A pooled data analysis, 
considering two stations (Jeanerette and Beltsville) or all three 
stations, and only breeds common to each will be discussed relative 
to Models 3 and 4. Interactions of breed group by season or station 
were investigated as well as year by season interaction.
Growth Traits for Beltsville
Environmental effects. Table 2 presents results of the least 
squares analysis of variance using Model 1. Birth year effects were 
significant (P < .01) for weight at birth, 12 and 18 months. Season
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TABLE 2. Least squares analysis of variance for body weights (kg) at Beltsville • 
(Model 1).
Trait
Source d.f. Wt Birth Wt 3 months Wt 6 months Wt 12 months
F-Values and Error Mean Square
Year (Y) 8-9a. 3.38** 1.81 1.56 2.37**
Season (S) 3 * 1.41 5.96** 4.46** 4.59**
Y x S 21-22 .69 1.55* 1.38 2.06**
Generation 2 4.14** .04 1.75 .92
PLB 5 17.75** 6.16** 7.61** 21.19**
Season x PLB 15 1.33 1.46 1.13 2.27**
MSEb 338-457 13.19 152.01 460.66 793.29
C.V. 9.40 13.56 12.52 9.48
R2 .37 .26 .27 .50
n 394 389 406 485
VO
TABLE 2. Continued
Trait
Source d.f. Wt 15 months Wt 18 months Wt 24 months Wt 36 months
F-Values and Error Mean Square
Year (Y) 8-9 1.04 1.87* .95 .60
Season (S) 3 2.81* .72 .62 .69
Y x S 21-22 2.17** 1.02 1.16 1.69*
Generation 2 .38 .59 1.60 2.28
PLB 5 22.51** 21.38** 23.98** 26.06**
Season x PLB 15 2.09** 1.92* 1.34 1.27
MSE 333-457 962.91 1228.79 1887.37 2513.16
C.V. 8.94 8.76 8.43 8.95
R2 .57 .56 .50 .40
n 506 . . ..5.15 . 497 479
*P < .05 *P < .01
Range of degrees of freedom. 
^Error mean square.
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of birth effects were significant (P < .01) for body weight at 3, 6,
12 and 15 months of age. Year by season interaction was significant 
(P < .01) for body weight at 3, 12, 15 and 36 months of age. A 
positive and significant (P < .01) interaction effect of season by 
PLB group was found at 12, 15 and 18 months. Results of analysis of 
variance for gain in weight are shown in Table 3. Year effect was 
significant (P < .05) only for gain between 6 and 12 months and from 
birth to 3 months of age. Season effect was significant (P < .01) for 
gain in weight from birth to 3 months and from birth to 15 months of 
age. Year.by season interaction was significant (P < .01) for gain 
from birth to 3 months, 3 to 6, 6 to 12, birth to 15, birth to 18 and 
from 18 to 24 months of age. Season by PLB group was not significant 
for any weight gains considered. Year, season and year by season 
effects are related to feeding, management practices, diseases and 
other environmental effects such as weather and precipitation which 
may affect pasture growth and consequently heifer weight. Knowledge 
of these environmental sources is important from the standpoint of 
management since they allow the manager to prevent losses.
McDowell et al. (27) found that year-parity had a significant 
effect upon weights up to 12 months but not thereafter. This 
partially agrees with present results. Hollon et al. (17) indicated 
that birth year had a significant (P < .01) influence on body weight, 
but this was not consistent with respect to PLB groups. Kelly (21) 
also reported the influence of birth year upon body weight at 6, 18 
and 30 months of age as well as the effect of birth month at 6, 12
TABLE 3. Least squares analysis of variance for body weight gain at several age intervals at 
Beltsville (Model 1).
Trait3
Source d.f. Gain 1 Gain 2 Gain 3 Gain 4 Gain 5 Gain 6 Gain 7
F-Values and Error Mean Square
Year (Y) 8-9 2.57** .93 2.21* 1.13 1.52 .99 .85
Season (S) 3 4.89** 1.56 1.71 2.63* .73 ' .67 .24
Y x S 21-22 1.64* 2.02** 2.71** 2.07** .94 1.98** 2.14
Generation 2 .23 4.30* .49 .62 .33 1.31 .21
PLB 5 2.71* 4.03** 7.43** 10.89** 12.55** 3.72** 3.05
Season x PLB 15 1.40 1.00 1.10 1.62 1.43 1.40 .97
MSEC 333-439 136.24 168.01 406.48 972.74 1266.58 728.42 1574.22
C.V. 22.33 16.02 15.29 9.71 9.44 23.51 91.24
R2 .21 .26 .38 .33 .32 .23 .23
n________________________ 389________389________403________389_________390_______497__________479
* **
P < .05 P < .01
Gain 1 = body weight gain from birth to 3 months, Gain 2 = body weight gain from 3 to 6 
months, Gain 3 = body weight gain from 6 to 12 months, Gain 4 = body weight gain from birth to 15 
months, Gain 5 = body weight gain from birth to 18 months, Gain 6 = body weight gain from 18 to 24 
months and Gain 7 = body weight gain from 24 to 36 months.
^Range of degrees of freedom.
c
Error mean square.
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and 18 months of age. However, the magnitude of the year by season 
interaction effects indicated that heifers at 12 to 15 months were
heavier due to the fact that they gained weight depending upon
:
particular year and season.
Breed by season interaction was also significant at 12, 15 
and 18 months for body weight, which agrees with McDowell et al. (27). 
However, genotype by climatic condition interactions were not impor­
tant in other studies (21, 42, 44). Thus, heifers selected at 15 
months of age may respond differently due to genetic group and season 
of year of birth.
Genetic effects. Generation number was fitted to account for 
variation due to genetic trends across generations. Generation number 
was an important source of variation for weight at birth and gain in 
weight from 3 to 6 months of age. Since generation was not significant 
for body weight at any other ages, it was possible that its effect 
was removed by year of birth in the model due to partially confounded 
effects. The proportion of genes that come from a large breed 
(PLB) was the most important effect on growth rate of heifers.
Appendix Tables 5 and 6 present comparisons using PLB group 
size based upon pre-planned t-tests. PLB groups with a greater pro­
portion of genes from a large breed usually were heavier. However, 
at 12, 15 or 18 months PLB group = 1 weighed less than PLB groups = 
0.875 and PLB = 0.75. This may be explained by the fact that PLB *
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0.875 and PLB * 0.75 groups gained more weight up to 18 months. The 
only definite pattern was that the small breed (PLB =0), as expected, 
was lighter for all ages considered. Tables 4 and 5 contain least 
squares means for body weight and respective gains in weight. Also, 
least squares means for PLB *=0.5 across ages indicate their weights 
to approach the weights of PLB «= 1 rather than the PLB * 0; thus it 
is possible that some heterosis effect may be present for body weight 
as indicated by several authors (3, 12, 19, 23, 26, 27, 30, 45). A 
positive heterotic effect may be present for growth traits and could 
explain observed results. For better insight into the crossbreeding 
programs, Model 2 was applied for two breed crosses on a subset of 
Beltsville data, taking into account body measurements also.
Some investigators studying crossbreeding in more adverse 
climatic conditions indicated that up to 50% breeding from larger 
breeds such as Holstein had a beneficial effect upon growth of heifers. 
However, beyond 50% was detrimental under such conditions. This lack 
of adaptability of heifers with higher percent of genes from a larger 
breed was explained by feeding conditions, climate and other adverse 
environmental effects. This suggests a genotype by environmental 
interaction since as the percent of genes from a large breed increases 
under the same environmental conditions, growth does not increase 
linearly (4, 15, 35, 37).
Heterosis. Table 6 contains results of statistical analysis 
and test of significance of heterosis for body weight at birth, 6, 12,
TABLE 4. Least squares means and standard errors for body weight (kg) 
at several age intervals at Beltsville.
a
PLB
Trait
Wt birth Wt 3 months Wt- 6 months Wt 12 months
1.000 39.6 ± 0.6 94.7 ± 2.1 176.5 ± 3.4 310.6 + 3.5
.875 40.7 ± 1.3 95.2 ± 4.5 173.4 ± 7.4 321.3 + 10.1
.750 40.0 ± 0.7 95.3 ± 2.3 177.2 ± 3.9 316.2 + 4.6
.500 38.3 ± 0.6 91.4 ± 2.1 169.4 ± 3.6 295.2 + 4.0
.375 34.0 ± 1.1 90.7 ± 3.9 169.2 ± 6.5 295.4 + 8.3
.000 34.5 ± 0.7 82.5 ± 2.4 155.2 ± 4.0 268.8 + 4.4
PLB Wt 15 months Wt 18 months Wt 24 months Wt 36 months
1.000 359.1 ± 3.8 411.8 ± 4.1 535.6 ± 5.1 585:1 + 6.1
.875 371.4 ± 11.0 425.9 ± 12.2 556.7 ± 15.1 567.7 + 18.6
.750 356.1 ± 5.0 420.7 ± 5.5 532.7 ± 6.9 571.4 + 8.2
.500 347.0 ± 4.4 400.4 ± 4.8 513.5 ± 6.0 553.1 + 7.1
.375 341.4 ± 9.6 382.0 ± 10.1 493.4 ± 13.1 528.9 + 15.4
.000 308.7 ± 4.7 358.2 ± 5.2 460.9 ± 6.6 493.1
•
+ 7.9
Breed group expressed as proportion of large breed.
TABLE 5. Least squares means and standard errors for body weight gain (kg) at several age' 
intervals at Beltsville.
Traita
rLiD
Gain 1 Gain 2 Gain 3 Gain 4 Gain 5 Gain 6 Gain 7
1.000 55.0 ± 2.0 81.7 ± 2.2- 130.1 ± 3.3 317.3 ± 5.4 374.2 ± 6.0 122.0 ± 3.2 47.8 ± 4.8
.875 54.5 ± 4.3 78.4 ± 4.9 145.9 ± 7.5 330.0 ± 11.6 386.0 ± 12.9 131.4 ± 9.5 15.1 ± 14.6
.750 55.3 ± 2.2 82.1 ± 2.5 135.6 ± 3.8 324.4 ± 6.0 379.7 ± 6.8 111.7 ± 4.4 37.2 ± 6.5
.500 53.1 ± 2.0 78.1 ± 2.3 128.9 ± 3.4 309.0 ± 5.5 362.5 ± 6.2 113.7 ± 3.8 37.6 ± 5.6
.375 56.7 ± 3.7 78.9 ± 4.3 124.6 ± 6.3 307.5 ± 10.1 349.3 ± 10.9 108.3 ± 8.3 37.4 ± 12.1
.000 48.0 ± 2.3 73.8 ± 2.6 114.9 ± 3.8 279.7 ± 6.3 236.6 ± 7.0 103.1 ± 4.1 31.0 ± 6.2
Gain 1 = body weight gain from birth to 3 months, Gain 2 = body weight gain from 3 to 6 months, 
Gain 3 = body weight gain from 6 to 12 months, Gain 4 = body weight gain from birth to 15 months,
Gain 5 = body weight gain from birth to 18 months, Gain 6 = body weight gain from 18 to 24 months and
Gain 7 = body weight gain from 24 to 36 months.
^Breed group expressed as proportion of large breed.
TABLE 6. Least squares analysis of variance and tests of significance of heterosis for traits of two 
breed crosses at Beltsville (Model 2).
Trait
Source d.f. Wt Birth Wt 6 months Wt 12 months Wt 18 months Wt 30 months
F-Values and Error Mean Square
Year (Y) 8-10a 1.16 2.58** 3.23** 3.20 1.57
Season (S) 3 .39 3.17** 6.68** 1.49 9.26**
Generation 2 1.93 1.91 3.00* 1.15 .94
Breed of sire (P) 2 .76 14.44** 11.69** 10.64** 16.67**
Breed of dam (D) 2 8.45 10.74** 19.22** 31.39** 15.87**
Y x S 15 .98 1.43 1.66* 1.36 1.87**
P x D 4 2.11 2.22 1.97 4.62** 1.86
MSEb 85-310 13.24 410.79 793.69 1069.52 2145.85
C.V. 9.48 11.76 9.72 8.38 9.23
R2 .51 .46 .54 .61 .49
n 122 262 333 356 312
* **
P < .05 P < .01
Range of degrees of freedom. 
bError mean square.
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18 and 30 months of age based upon Model 2. Results for body measure­
ments are presented in Appendix Table 7.
Breed of sire by breed of dam interaction effects (heterosis)
were significant (P < .01) for body weight at 18 months only. Breed
of sire and breed of dam had a significant effect upon body weight of 
daughters at 6, 12, 18 and 30 months of age. Breed of dam was also 
significant for birth weight. Some researchers have indicated that in 
addition to contribution of one half of the genotype, birth weight may 
also be influenced by maternal effects and gestation length. This 
could account for greater birth weight of daughters from larger dam 
breeds (2, 12, 13, 21, 23, 40, 44, 50, 52).
Year and season were significant (P < .01) sources of environ­
mental variation at 6 months of age and thereafter. The only signifi­
cant (P < .01) source of variation at birth was dam breed. Year by 
season interaction was significant for weight at 12 and 30 months.
At this later age, it is possible that gestation or lactation effects 
may affect body weight. Year by season interaction was significant 
(P < .05) for all body measurements except FCD and FCG at 6 months of 
age. These are measurements of flesh or condition as indicated by 
several researchers (2, 23, 45, 50). However, at 30 months of age,
FCG was the only body measurement affected by year season interaction. 
Lactation or gestation effects may have affected this variable at 
this age as previously indicated.
Year effects were detected for WH, LHP and FCG at 6 months;
WH, LHP at 12 months; WH, LWP, LHP, FCD and FCG at 18 months and for
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all body measurements except FCD at 30 months of age. Season of 
birth was significant (P < .05) for all body measurements at 6 months 
except LHP and FCD; WH and LWH at 12 months and WH at 30 months of 
age. Season was not significant for any body measurement at 18 
months. Generation number was significant (P < .01) for LHP at 12 
months, significant (P < .05) for FCD at 18 months and significant 
(P < .05) for LWH and FCD at 30 months of age. In general, generation
number was not a significant source of variation.
Sire breed and dam breed were the major sources of variation 
affecting all body measurements at all ages. However, sire breed was
not significant for LWP and LHP at 12 months of age.
Kelly (21) and Robinson et al. (44) indicated that birth year 
had a significant effect for all 6-month traits and all 12-month 
traits except BW and WH. This does not agree with present findings. 
Bhat et al. (5) reported that birth year affected most measurements 
up to 6 months of age and wither height at 12 months. They also 
indicated that birth season had a significant effect only at birth 
and 3 months of age. These findings are contradictory to the present 
study.
Heterosis was significant (P < .05) for WH, LHP and FCD at 6 
months, for WH at 12 months and for LWP and FCG at 18 months. Table 
7 presents probability levels for pre-planned t-tests applied to body 
weight and other body measurements.
Purebred Holsteins were heavier and taller at 6 months of age 
although not significantly different from crossbred Holstein x Brown
TABLE 7. Pre-planned comparisons among breed groups at several ages with the respective 'significance 
level for body weight (kg) and linear body measurements (cm) at Beltsville.
Traitb
Comparison Group3 Wt 
6 months
WH 
6 months
LWH LWP LHP 
6 months 6 months 6 months
FCD 
6 months
FCG 
6 months
Wt
birth
Breed (I) Breed (J) Prob > |t| Ho: Lsmean(I) = Lsmean (J)
S x S H x H .0001 .0001 .0001 .0001 .0124 .0001 .0001 .4582
A x A H x H .0001 .0001 .0001 .0001 .0001 .0001 .0001 .0001
S x H H x H .5196 .1268 .4633 .3876 .3793 .3414 .2267 .4034
H x S H x H .7193 .2937 .4299 .6827 .6200 .8268 .7793 .0102
A x H H x H .0038 .0021 .0308 .1511 .5155 .0994 .0350 .2343
H x A H x H .0039 .0001 .0922 .1277 .6498 .1657 .0622 .1440
A x S H x H .0030 .0001 .0037 .0028 .1036 .0442 .0022 .1601
S x A H x H .0081 .0001 .0793 .1174 .8139 .0030 .0067 .2938
Ln
O
TABLE 7. Continued
Traitb
Comparison Group3 Wt
12 months
WH LWH LWP 
12 months 12 months 12 months
LHP 
12 months
FCD 
12 months
FCG 
12 months
Breed (I) Breed (J) Prob > |t| Ho: Lsmean (I) - Lsmean (J)
S x S H x H .0012 .0001 .0001 .0019 .0608 .0003 .0066
A x A H x H .0001 .0001 .0001 .0001 .0001 .0001 .0001
S x H H x H .8183 .9327 .9913 .8119 .9631 .3234 .9381
H x S H x H .2218 .8949 . 6080 .3374 .3525 .7825 .8624
A x H H x H .1075 .1114 .2888 .3562 .7801 .2766 .1578
H x A H x H .0081 .0006 .0211 .0284 .0865 .0976 .1122
A x S H x H .0197 .0001 .0023 .0141 .1563 .0025 .0191
S x A H x H .0064 .0001 .0009 .0081 .1067 .0033 .0113
4Table 7. Continued /
/
Traitb
Comparison Group Wt WH LWH LWP LHP FCD FCG
18 months 18 months 18 months 18 months 18 months 18 months 18 months
Breed (I) Breed (J) Prob > |t| Ho : Lsmean (I) = Lsmean (J)
S x S H x H .0067 . .3776 .0001 .0160 .0912 .0002 .1030
A x A H x H .0001 .0560 .0001 .0001 .0001 .0001 .0008
S x H H x H .1114 .8358 .7473 .9460 .9016 .8097 .9782
H x S H x H .2592 .7627 .4415 .9170 .3519 .6907 .9638
A x H H x H .7004 .8907 .5519 .9070 .5878 .7456 .9677
H x H H x H .0431 .6167 .4932 .6642 .6594 .1309 .5117
A x S H x 11 .1578 .0002 .0006 .0001 .5511 .0001 .0006
S x A H x H .0128 .5381 .1272 .1804 .0340 .0082 .3578
Ui
ho
TABLE 7. Continued
Traitb
Comparison Group3 Wt
30 months
WH
30 months
LWH 
30 months
LWP 
30 months
LHP 
30 months
FCD 
30 months
FCG 
30 months
Breed (I) Breed (J) Prob > |t| Ho: Lsmean (I) = Lsmean (J)
S x S H x H .0303 .0023 .0001 .0001 .2262 .0001 .4582
A x A H x H .0001 .0001 .0001 .0001 .0001 .0001 .0001
S x H H x H .0893 .9722 .2017 .4301 .4902 .9876 .4034
H x S H x H .0059 .4799 .8310 .4695 .2060 .2278 .0102
A x H H x H .1259 .0030 .3886 .0959 .0998 .2008 .2343
H x A H x H .1241 .0001 .1657 .0151 .0197 .0538 .1440
A x S H x H .4607 .0001 .0350 .0260 .3541 .0001 .1601
S x A H x H .6141 .0002 .0099 .0157 .6648 .0758 .2938
Sire breed is identified with the first letter of the cross (A = Ayrshire, S = Brown Swiss and 
H = Holstein).
bWt = body weight, LW = wither height, LWH = length from withers to hips, LWP = length from 
withers to pins, LHP = length from hips to pins, FCD = forechest depth and FCG= forechest girth.
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Swiss (H x S) and Brown Swiss x Holstein (S x H). However, these 
heifers (H x S and S x H) were significantly (P < .01) heavier than 
purebred Brown Swiss. In all cases, purebred Ayrshire were smallest 
and* weighed less than any other group of heifers at all ages con­
sidered. Holstein heifers also had greater length from withers to 
hips, withers to pins and forechest girth than any other breed at 6 
months of age. However, Holstein heifers did not differ significantly 
from H x S ,  H x A ,  S x A ,  S x H  and A x H for LWH and LWP and from 
H x S, H x A  and S x H  for FCG. Holstein heifers did not differ 
significantly from any breed groups for LHP at 6 months except from 
purebred Ayrshire and Brown Swiss.
At 12 months as well as at 18 and 30 months, crossbred heifers 
( S x H  and H x S )  appeared heavier and taller and had larger body 
measurements than respective purebreds although they did not differ 
significantly (P < .05) from purebred Holsteins. Least squares means 
and standard errors are presented in Tables 8 and 9 for body weight 
and body weight gain. In general, breed groups involving crosses of 
two large breeds, such as Holstein (H) and Brown Swiss (S), were 
heavier at all ages except at 6 months when purebred Holsteins weighed 
more.
Table 10 included heterosis as percent deviation from parental 
mean. Greater heterosis was observed for body weight than for other 
body measurements. Heterosis for body weight, based upon means of 
reciprocal crosses, ranged from -1.74% to 5.08% (x 88 1.69%) at birth, 
1.27% to 8.29% (x * 4.68%) at 6 months, 3.51% to 5.01% (x * 4.44%) at
TABLE 8. Least squares means and standard errors for body weights (kg) of two breed crosses 
at Beltsville.
Breed groups3
Trait
Wt Birth Wt 6 months Wt 12 months Wt 18 months Wt 30 months
A X A 34.6 + 0.9 152.1 + 3.6 263.1 + 4.6 352.3 ± 5.1 442.5 + 7.8
A X S 41.1 + 1.6 171.2 + 5.8 296.1 + 8.1 403.2 + 9.2 501.6 + 13.9
A X H 39.2 + 1.5 172.2 + 5.6 302.1 + 7.9 420.4 + 9.2 488.9 + 14.7
S X A 37.3 + 1.2 174.8 + 5.2 294.3 + 7.3 394.9 + 8.3 505.3 + 13.1
S X S 40.0 + 1.0 167.4 + 3.7 299.1 + 4.4 402.2 + 4.8 530.4 + 7.7
S X H 41.1 + 1.5 185.9 + 6.0 317.6 + 8.4 432.4 + 9.5 538.6 + 15.1
H X A 37.8 + 1.3 174.4 + 4.7 296.4 + 6.5 400.5 + 7.4 490.6 + 13.3
H X S 38.5 + 1.6 187.6 + 6.0 327.3 + 8.4 428.9 + 9.6 555.3 + 13.9
H X H 41.0 + 1.0 190.1 + 10.4 315.6 + 4.9 416.7 + 5.3 512.2 + 7.6
Sire breed is identified with the first letter of the cross (A = Ayrshire, S = Brown 
Swiss and H = Holstein).
TABLE 9. Least squares means and standard errors for linear body measurements (cm) of two- 
breed crosses at Beltsville.
Traitb
dlccu groups
WH LWH LWP LHP FCD FCG
6 months
A X A 94.8 + 0.6 59.0 + 0.6 88.3 + 0.7 29.2 + 0.3 44.7 + 0.4 118.4 + 0.9
A X s 98.8 + 1.0 59.5 + 0.9 89.3 + 1.2 29.9 + 0.5 45.8 + 0.7 122.1 + 1.5
A X H 100.2 + 1.0 60.4 + 0.9 91.7 + 1.2 31.3 + 0.5 46.1 + 0.7 123.8 + 1.4
S X A 99.0 + 0.9 60.9 + 0.9 91.6 + 1.1 30.8 + 0.5 45.2 + 0.6 123.1 + 1.3
S X S 98.3 + 0.6 58.7 + 0.6 88.7 + 0.8 29.9 + 0.3 43.9 + 0.4 120.6 + 0.9
S X H 101.8 + 1.1 61.8 + 1.0 93.3 + 1.2 31.4 + 0.5 46.5 + 0.7 125.1 + 1.5
H X A 99.7 + 0.8 61.1 + 0.8 91.8 + 1.0 30.7- + 0.4 46.4 + 0.5 124.5 + 1.2
H X S 102.3 + 1.0 61.7 + 1.0 92.9 + 1.2 31.2 + 0.5 47.1 + 0.7 126.6 ± 1.5
H X H 103.6 + 0.7 62.6 + 0.7 93.5 + 0.8 30.9 + 0.4 47.3 + 0.5 127.1 ± 1.0
12 months
A X A 109.5 + 0.5 71.1 + 0.5 106.7 + 1.1 36.4 + 0.4 54.1 + 0.5 143.3 ± 1.4
A X S 113.1 + i.o 72.6 + 1.0 109.5 + 1.9 37.1 + 0.8 55.2 + 0.9 149.0 ± 2.4
A X H 116.0 + 0.9 74.4 + 1.0 112.4 + 1.9 38.1 + 0.8 57.2 + 0.9 151.3 ± 2.4
S X A 113.3 + 0.9 72.4 + 0.9 109.4 + 1.7 37.1 + 0.7 55.6 + 0.8 148.9 ± 2.2
S X S 114.3 + 0.5 72.9 + 0.5 110.5 + 1.0 37.4 + 0.4 56.1 + 0.5 150.7 ± 1.3
S X H 117.7 + 1.0 75.5 + 1.0 113.8 + 2.0 38.4 + 0.8 57.2 + 1.0 154.7 ± 2.5
H X A 114.6 + 0.8 73.5 + 0.8 110.5 + 1.5 37.1 + 0.6 56.9 + 0.8 151.4 ± 2.0
H X S 117.8 + 1.0 74.9 + 1.0 112.1 + 2.0 37.5 + 0.8 58.0 + 1.0 155.4 ± 2.6
H X H 117.6 + 0.6 75.5 + 0.6 114.0 + 1.2 38.4 + 0.5 58.3 + 0.6 154.9 ± 1.5
In
O
TABLE 9. Continued
Traitb
Dreea groups
WH LWH LWP LHP FCD FCG
18 months
A X A 117.8 + 0.5 77.5 + 0.6 116.9 + 0.6 39.4 + 0.3 61.1 + 0.3 164.0 + 0.8
A X s 122.2 + 0.9 79.6 + 1.0 120.7 + 1.2 41.1 + 0.6 62.8 + 0.6 177.3 + 1.4
A X H 124.4 + 0.9 82.5 + 1.0 123.6 + 1.2 41.1 + 0.6 64.4 + 0.6 172.6 + 1.4
S X A 121.9 + 0.8 80.3 + 0.9 120.6 + 1.0 40.3 ± 0.5 62.1 + 0.5 169.2 + 1.2
S X S 123.6 + 0.5 79.3 + 0.5 120.2 + 0.6 40.9 ± 0.3 62.3 + 0.3 169.3 + 0.7
S X H 126.3 + 0.9 81.4 + 1.0 122.8 + 1.2 41.4 ± 0.6 64.2 + 0.6 174.0 + 1.4
H X A 122.8 + 0.7 81.2 + 0.8 122.5 + 0.9 41.2 ± 0.4 63.3 + 0.5 170.5 + 1.1
H X S 126.6 + 1.0 80.8 + 1.0 123.0 + 1.2 42.2 ± 0.6 64.8 + 0.6 174.7 + 1.4
H X H 126.6 + 0.5 81.8 + 0.6 123.3 + 0.7 41.5 ± 0.3 64.7 + 0.3 173.2 + 0.8
30 months
A X A 123.9 + 0.6 83.8 + 0.6 127.2 + 0.8 43.3 ± 0.4 65.9 + 0.4 176.0 + 1.1
A X S 128.1 + 1.1 86.1 + 1.1 130.9 + 1.4 44.7 ± 0.7 66.9 + 0.6 182.5 + 1.9
A X H 129.4 + 1.1 87.4 + 1.1 131.5 + 1.4 44.3 ± 0.7 68.8 + 0.7 182.8 + 2.0
S X A 128.9 + 1.0 85.7 + 1.0 130.7 + 1.3 45.1 ± 0.7 68.6 + 0.6 183.3 + 1.8
S X S 131.0 ± 0.6 84.8 + 0.6 130.7 + 0.8 45.9 ± 0.4 68.2 + 0.4 186.1 + 1.0
s X H 132.9 ± 1.2 86.9 + 1.2 132.8 + 1.5 45.9 ± 0.8 69.7 + 0.7 187.0 + 2.0
H X A 128.7 ± 1.0 86.9 + 1.0 130.7 + 1.3 43.8 ± 0.6 68.4 + 0.6 182.5 + 1.8
H X S 133.3 ± 1.1 88.7 + 1.1 135.1 + 1.4 46.4 ± 0.7 70.6 + 0.6 190.7 + 1.9
H X H 132.9 ± 0.6 88.5 + 0.6 134.0 + 0.7 45.4 ± 0.4 69.7 + 0.3 185.3 + 1.0
Sire breed is identified with the first letter (A = Ayrshire, S = Brown Swiss,
H = Holstein).
WH = wither height, LWH = length from withers to hips, LWP = length from withers to pins, 
LHP = length from hips to pins, FCD = forechest depth and FCG = forechest girth.
TABLE 10. Deviations of crossbred least squares means from parental least squares means as a 
percentage (%) of parental least squares means at birth, 6, 12, 18 and 30 months of 
age at Beltsville.
Breed group3
Traitb
Wt Birth Wt 6 months Wt 12 months Wt 18 months Wt 30 months
%
A x S 10.24 7.15 5.33 6.90 3.11
S x A - .08 9.43 4.69 4.68 3.87
-bX 5.08 8.29 5.01 5.79 3.49
Parental mean (kg) 37.30 159.75 281.10 377.25 486.45
A x H 3.65 .62 4.51 9.34 2.43
H x A - .18 1.92 2.52 4.15 • 2.78
X 1.73 1.27 3.51 6.74 2.60
Parental mean (kg) 37.80 171.10 289.35 384.50 477.35
S x H 1.55 4.02 3.24 5.61 3.33
H x S - 5.03 4.96 6.39 4:75 6.51
X - 1.74 4.49 4.81 5 <18 4.92
Parental mean (kg) 40.50 178.75 307.35 409.45 521.30
Overall Xc 1.69 4.68 4.44 5.90 3.67
aSire breed is identified with first letter of the cross (A = Ayrshire, S = Brown Swiss, 
H = Holstein).
I C 9
Mean of reciprocal crosses. Mean overall two-breed crosses.
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12 months, 5.18% to 6.74% (x = 5.90%) at 18 months and 2.60% to 4.92% 
(x ■ 3.67%). In general, heterosls was lower at birth and 30 months 
of age. Heterosis for body weight for some breed groups at birth was 
negative (S x A = -0.08%, H x A “ -0.18% and H x S = -5.03%). 
Heterosis estimates being positive or negative did not appear to be 
closely associated with maternal effects as previously reported (27, 
38). For instance, where difference in size of dam was small such as 
those between Holstein and Brown Swiss (512.2 and 530.4 kg), the two 
breed crosses were -1.74% below the parental mean. Comparable values 
were from 1.73% to 5.08% where the contrast in dam size was large.
Even though there were differences in birth weight depending 
upon breeds involved including reciprocals, these differences were 
small for some breed groups. However, S x H and H x S weighed 41.14 
and 38.47 kg at birth and had a difference of 17 kg at 30 months of 
age. This suggests that there may be no advantage in having larger 
birth weights, or at least above some optimum which may increase the 
probability of calving problems.
Present findings do not agree closely with those reported by 
McDowell et al. (27). They reported that Holsteins were the heaviest 
of the purebreds but in this study Brown Swiss were heavier then 
either Ayrshire or Holsteins at 30 months which agrees with Kelly 
(21). Comparison of weight (least squares means) of purebred heifers 
varied from 0.96 to 1.25. This ratio was taken at ages studied and 
expressed the growth ratios. The growth ratio between Holstein and 
Ayrshire varied from 1.1 to 1.25 and the ratio of Holstein and Brown
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Swiss ranged from 0.96 to 1.13. The ratio was reversed in favor of 
Brown Swiss at later ages. Both H x S and S x H grew faster than 
either breed. The birth weight of H x S averaged 38.47 kg and was 
slightly smaller than the reciprocal which weighed 41.14 kg at birth. 
At 30 months the trend was reversed and H x S was 17 kg heavier than
5 x H and 25 kg heavier than the larger purebred. Body weights (least 
squares means) for the respective two breed crosses with the purebred 
parents are presented in Figures 4 to 7.
Table 11 presents percent heterosis as a deviation from 
parental mean for 6 body measurements. In general, heterosis based 
upon mean of the reciprocal crosses ranged from 0.82% to 2.45% (x <= 
1.47%) for WH, -0.06% to 2.23% (x = 1.33%) for LWH, 0.92% to 2.23%
(x = 1.79%) for LWP, 2.56% to 3.65% (x = 3.07%) for LHP, 0.53% to 
2.71% (x = 1.97%) for FCD and 1.14% to 2.59% (x » 1.78%) for FCG at
6 months of age. At 12 months of age, heterosis ranged from 1.19% to 
1.54% (x = 1.42%) for WH, 0.64% to 1.32% (x = 0.95%) for LWH, 0.47% 
to 0.79% (x = 0.58%) for LWP, 0.67% to 1.69% (x = 0.83%) for LHP,
0.56% to 1.54% (x = 0.94%) for FCD and from 1.31% to 1.50% (x - 1.42%) 
for FCG. At 18 and 30 months of age, heterosis averaged from 0.28% to 
1.85% for the traits studied.
Heterosis effects for FCD and FCG, which reflect condition, 
were close to those of direct skeletal measurements such as WH, LWH, 
LWP and LHP. This does not agree with other reported findings (2, 30, 
50). Percent heterosis observed in this study were similar to figures 
reported by Kelly (21) and Robinson (44). At 6 months of age,
TABLE 11. Deviations of crossbred least squares means from parental least squares 
means expressed as a percentage (%) of parental means at 6, 12, 18 and
30 months of age at Beltsville.
Breed group3
Traitb
WH LWH LWP LHP FCD FCG
%
6 months
A x S 
S x A
2.38
2.53
.97
3.49
.93
3.52
1.01
4.12
3.32
2.10
2.17
3.02
xb
Parental mean (cm)
2.45
96.55
2.23
58.85
2.22
88.50
2.56
29.55
2.71
44.30
2.59
119.50
A x H 
H x A
1.09
.55
- .64 
.51
.85
.99
3.99
3.32
.19
.87
.84
1.45
X
Parental mean (cm)
.82
99.20
- .06 
60.80
.92
90.90
3.65
30.05
.53
46.00
1.14
122.75
S x H 
H x S
.90
1.36
1.91
1.71
2.45
2.01
3.29
2.73
2.08
3.29
1.00
2.24
X
Parental mean (cm)
1.13
100.95
1.81
60.65
2.23
91.10
3.01
30.40
2.68
45.60
1.62
123.85
Overall X 1.47 1.33 1.79 3.07 1.97 1.78
TABLE 11. Continued
Breed group3
Traitb
WH LWH LWP LHP FCD FCG
%
12 months
A x S 1.13 .79 .86 .68 .23 1.35
S x A 1.25 .49 .72 2.71 .89 ' 1.27
Xb 1.19 .64 .79 1.69 .56 1.31
Parental mean (cm) 111.90 72.00 108.60 36.90 55.10 147.00
A x H 2.17 1.54 .90 2.01 1.83 1.47
H x A .92 .24 .04 - .67 1.25 1.54
X 1.54
o\00• .47 .67 1.54 1.50
Parental mean (cm) 113.55 73.30 110.35 37.40 56.20 149.10
S x H 1.51 1.72 1.23 1.37 .10 1.23
H x S 1.57 .93 - .27 - 1.08 1.36 1.69
X 1.54 1.32 .48 .14 .73 1.46
Parental mean (cm) 115.95 74.20 112.25 37.90 57.20 152.80
Overall X 1.42 .95
00m• .83 .94 1.42
TABLE 11. Continued
Traitb
Dieea group
WH LWH LWP LHP FCD FCG
%
18 months •
A x S 1.25 1.49 .84 2.36 1.70 2.14
S x A .98 2.42 1.72 .30 .55 1.52
xb 1.11 1.95 1.28 1.33 1.12 1.83
Parental mean (cm) 120.60 78.40 118.55 40.15 61.70 166.65
A x H 1.85 3.55 2.95 1.68 2.37 2.37
H x A .49 1.91 1.96 1.98 .63 1.12
X 1.17 2.73 2.45 1.83 1.50 1.74
Parental mean (cm) 122.20 79.50 120.10 40.45 62.90 168.60
S x H .96 1.08 .92 2.43 1.21 1.59
H x S 1.26 .28 1.01 2.35 2.14 2.01
X 1.11 .68 .96 2.39 1.67 1.80
Parental mean•(cm) 125.10 80.55 121.75 41.20 63.50 171.25
Overall X 1.13 1.79 1.56 1.85 1.43 1.79
TABLE 11. Continued
Breed group3
Traitb
WH LWH LWP LHP FCD FCG
%
30 months
A x S .54 2.15 1.51 .27 - .13 .79
S x A 1.16 1.66 1.42 1.09 2.28 1.23
-b
X .85 1.90 1.46 .68 1.07 1.01
Parental mean (cm) 127.45 84.30 128.95 44.60 67.05 181.05
A x H .78 1.51 .73 - .49 1.50 1.19
H x A .19 .94 .06 - 1.37 .97 1.01
X .48 1.22 .39 - .93 1.23 1.10
Parental mean (cm) 128.40 86.15 130.60 44.35 67.80 180.65
S x H .72 .36 .36 .61 1.12 .72
H x S 1.05 2.44 2.10 1.60 2.35 2.71
X .88 1.40 1.23 1.10 1.73 1.71
Parental mean (cm) 131.95 86.65 132.35 45.65 68.95 185.70
TABLE 11. Continued
/
t
/
Traitb
Dreea group
WH LWH LWP LHP FCD FCG
%
30 months
Overall X .74 1.51 1.03 .28 1.34 1.27
a
Sire breed is identified with first letter of the cross (A = Ayrshire,
S = Brown Swiss, H = Holstein).
bWH = wither height, LWH = length from withers to hips, LWP = length from 
withers to pins, LHP = length from hips to pins, FCD = forechest depth and FCG = 
forechest girth.
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Figure 4. Body weight least squares means at birth, 6, 12, 
18 and 30 months of age for purebred Ayrshire 
(A), Brown Swiss (S) and Holstein (H) at 
Beltsville.
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Figure 5. Body weight least squares means at birth, 6, 12, 
18 and 30 months of age for two breed-crosses 
(A x S and A x H) and purebred Ayrshire (A) at 
Beltsville.
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Figure 6. Body weight least squares means at birth, 6, 12, 
18 and 30 months of age for two-breed crosses 
(S x A and S x H) and purebred Brown Swiss (S) 
at Beltsville.
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Figure 7. Body weight least squares means at birth, 6, 12, 
18 and 30 months of age for two-breed crosses 
(H x A and H x S) and purebred Holstein (H) at 
Beltsville.
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purebred Holsteins were the heaviest group of heifers in this 
analysis.
Crossbred H x S and S x H at 12, 18 and 30 months were heavier
\
than purebred Holsteins. Also, A x H at 18 months and purebred Brown 
Swiss at 30 months of age surpassed the purebred Holsteins.
Jeanerette Data
This section of the study includes the analysis of body weight 
and measurements for purebred Holsteins and crossbred females from 
crossbreeding work at the Iberia Livestock Experiment Station, 
Jeanerette, Louisiana. Mating plans for this project were initiated 
in 1956 and have continued through 1980. Main Zebu breeds that have 
been used in crossbreeding projects in the United States are Red 
Sindhi (10, 26), imported from India, and Brahman (10, 17) from the 
United States. These reports have suggested that crossbred groups 
with Red Sindhi inheritance have lower milk yield, feed efficiency 
and growth rate, although they are more resistant to parasites, have 
shorter hair coats and are more heat tolerant than their European 
counterparts. McDowell et al. (26, 31) suggest that the crossbred 
cattle would be better evaluated based upon net economic return which 
usually involves the sum of a number of measures of performance.
Cattle were categorized according to percentage large breed 
inheritance for this study. As shown in Appendix Table 3, four major 
groups were formed as follows: (1) PLB = 1 or 8/8 genes from a
larger breed; (2) PLB «= 0.875 or 7/8 genes common to a large breed;
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(3) PLB = 0.75 or 3/4 genes from a larger breed and (4) PLB * 0.5 or 
1/2 genes from a larger breed. Purebred Holsteins were the only pure- 
breds kept in this herd throughout the collection of these data and
I
together with Brown Swiss x Holstein crosses were considered PLB = 1. 
The other groups were formed with crosses of large breed and a small 
breed (Jersey or Red Sindhi).
Table 12 presents least squares analysis of variance for body 
weight. Table 13 Includes statistics for body weight gain based upon
least squares analysis of variance. Year of birth effects were
significant for all body measurements except weight at birth, FCG at 
6 and 12 months and WH at 12 and 24 months of age. Least squares 
analysis of variance for body measurements, other than body weight, 
are presented in Appendix Table 8.
Season of birth had a significant (P < .01) effect upon birth
weight, 12, 15 and 24 month weight. Body weight gain was also
influenced by season effects, specifically weight gain between 3 and 
6 months, 6 and 12 months, from birth to 15 months and from 18 to 
24 months of age. Season x year effects were significant (P < .01) 
for body weight as well as for gain in weight. Season x PCT effects 
were not significant for body weight but were for gain in body weight 
of heifers (P < .05) from 3 to 6 months and from birth to 15 months of 
age. This may be related to management practices since as pointed out 
by Branton (10) and Rios (42) heifers moved from community pens to 
pasture in different seasons. However, Rios (42) did not find breed x 
month interactions to be significant, which agrees with present
TABLE 12. Least squares analysis of variance for body weights (kg) at Jeanerette.
Trait
Source d.f. Wt Birth Wt 3 months Wt 6 months Wt 12 months
. F-Values and Error Mean Square
Year (Y) 8-10a ' .44 4.64** 6.08** 4.47**
Season (S) 3 2.61* 1.38 1.86 14.97**
Y x S 25 1.11 1.59* 1.58 1.38
Generation 3 .37 1.18 1.07 .43
PLB 3 7.78** 3.10* 5 77** 3.13*
Season x PLB 9 .47 1.07 1.82 1.47
MSEb 123-213 32.77 110.67 283.77 927.18
C.V. 16.40 13.78 11.93 12.90
R2 .30 .40 .42 .53
n 269 219 266 257
N>
TABLE 12. Continued
Trait
Source d.f. Wt 15 months Wt 18 months Wt 24 months Wt 36 months
F-Values and Error Mean Square
Year (Y) 8-10a 8.35** 8.79** 5.98** 2.87**
Season (S) 3 6.64** 1.46 8.18** .54
Y x S 25 2.70** 2.66** 1.69* 1.15
Generation 3 2.01 .59 .87 2.47
PLB 3 7.57** 9.50** 14.67** 12.45**
Season x PLB 9 1.72 .99 .55 .47
MSEb 123-213 613.09 802.94 1251.99 1768.65
C.V. 8.94 8.89 8.63 8.96
R2 .67 .61 .56 .63
n 216 246 226 174
*
P < .
**
05 P < .01
Range of degrees of freedom. bError mean square.
TABLE 13. Least squares analysis of variance for body weight gain (kg) at several age intervals
at Jeanerette (Model 1).
Traita
Source d.f. Gain 1 Gain 2 Gain 3 Gain 4 Gain 5 Gain 6 Gain 7
F-Values and Error Mean Square
Year (Y) 8-9b 3.57** 2.58** 3.17** 9.09** 8.95** 1.67 .86
Season (S) 3 2.47 4,15** 11.96** 7.99** 1.12 23.43* 1.94
Y x S 19-24 1.44 2.29** 1.01 2.76** 2.75** 2.68** .96
Generation 3 .92 .05 .16 2.13 .67 1.55 .93
PLB 3 1.86 1.65 .83 5.92** 7.71** 3.15* .73
Season x PLB 9 1.68 2.05* .76 2.02* 1.12 .74 .56
MSEC 109-201 114.19 197.02 849.64 547.13 757.68 703.84 1337.39
C.V. 25.66 22.27 30.71 9.66 9.71 28.85 64.68
R2 .38 .42 .45 .68 .69 .59 .38
n 218 217 254 215 245 225 155
* **
P < .05 P < .01
Gain 1 = body weight gain from birth to 3 months, Gain 2 = body weight gain from 3 to 6 
months, Gain 3 = body weight gain from 6 to 12 months, Gain 4 = body weight gain from birth to 15 
months, Gain 5 = body weight gain from birth to 18 months, Gain 6 = body weight gain from 18 to 24 
months and Gain 7 = body weight gain from 24 to 36 months.
bRange of degrees of freedom.
c
Error mean square.
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findings for body weight but not for weight gains. Genetic and 
environmental effects upon growth have been described by several 
authors (10, 15, 21, 23, 25, 26, 27). Effects of year and season 
were reported to be significant (P < .05) only upon body weight up to 
12 months but not thereafter (5, 14, 15). This did not agree with the 
present results.
PLB group effects i.e., the genetic differences among the breed 
groups, were significant for body weight at all ages considered, but 
influenced weight gain only from birth to 15 months, from birth to 18 
months and from 18 to 24 months.
Pre-planned t-tests for body weight and body weight gain are 
presented in Appendix Tables 9 and 10. The large breed group, i.e.
PLB B 1, differed significantly (P < .01) from PLB = 0.5 at all ages 
studied. However, PLB = 1 did not differ significantly from PLB «*
0.75 and PLB = 0.875. This implies that as the proportion of genes 
of a large breed increased the difference in weight decreased. 
Generation effect was not significant for any trait except LHP at 24 
months of age.
Differences in wither height were significant (P < .01) among 
PLB groups at 6, 12, 18 and 24 months. Differences for other traits 
for PLB groups studied appeared to be unimportant except LWH and FCG 
at 18 and 24 months of age. Pre-planned t-test comparisons for other 
body measurements are presented in Appendix Table 11.
Least squares means for 6 body measurements are presented in 
Appendix Table 12, for body weight in Table 14 and for body weight
TABLE 14. Least squares means and standard errors for body weight (kg) 
at several age intervals at Jeanerette.
PLBa
Trait
Wt Birth Wt 3 months Wt 6 months Wt 12 months
1.000
.875
.750
.500
36.1
37.6
35.0
31.1
± 0.6 
± 1.3 
± 0.9 
±0.9
78.0 + 1.3
74.4 ± 2.4
72.4 ± 1.7
72.0 ± 1.6
144.4 ± 1.7 
137.9 ± 3.8
131.3 ± 2.7
129.3 ± 2.6
243.1
237.0
232.2
220.1
± 3.5 
± 7.2 
± 5.2 
± 5.2
PLB Wt 15 months Wt 18 months Wt 24 months Wt 36 months
1.000
.875
.750
.500
288.7
281.0
278.4
263.4
± 3.4 
± 6.3 
± 4.3 
± 4.3
334.4 ± 3.8 
319.7 ± 7.4
312.5 ± 5.3 
306.9 ± 5.2
430.1 ± 4.1
403.4 ± 8.8 
400.9 ± 6.1
384.5 ± 5.8
498.0
479.6
468.2
440.2
± 5.8 
± 10.6 
± 7.2 
± 7.3
Breed group expressed as proportion of large breed.
TABLE 15. Least squares means and standard errors for body weight gain (kg) at several age
intervals at Jeanerette.
PLB3
Traitb
Gain 1 Gain 2 Gain 3 Gain 4 Gain 5 Gain 6 Gain 7
1.000 41.5 + 1.3 64.0 + 1.9 98.8 + 2.8 252.0 + 3.2 297.8 + 3.7 97.9 + 3.2 61.2 + 5.5
.875 36.7 + 2.4 64.2 + 3.4 98.7 + 6.4 242.2 + 6.1 281.1 + 7.2 86.1 + 6.9 77.4 + 9.5
.750 37.3 + 1.7 59.5 + 2.4 100.9 + 4.5 242.8 + 4.2 277.1 + 5.2 90.7 + 4.8 61.6 + 6.6
.500 40.5 + 1.7 58.0 + 2.4 90.4 + 4.5 231.6 + 4.2 275.2 + 5.2 80.7 + 4.5 52.9 + 6.3
Breed group expressed as proportion of large breed.
bGain 1 = body weight gain from birth to 3 months, Gain 2 = body weight gain from 3 to 6 months, 
Gain 3 = body weight gain from 6 to 12 months, Gain 4 = body weight gain from birth to 15 months, Gain 5 = 
body weight gain from birth to 18 months, Gain 6 = body weight gain from 18 to 24 months and Gain 7 = body 
weight gain from 24 to 36 months.
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gains in Table 15. In general, it appeared that body weight increased 
as PLB increased up to 36 months. This was associated with the 
difference in rate of weight gain. For instance, the breed group 
PLB *= 1 was born with an average weight of 36.09 kg but gained 41.50 
kg in their first three months of life, while the PLB * 0.5 group 
weighed 31.11 kg at birth and gained 40.53 kg in the first 3 months of 
life. Difference at birth was only 5 kg but exceeded 20 kg by one year 
of age and 45 kg by two years. PLB group = 1 was heavier at the first 
breeding season, as expected, since this PLB group gained more weight 
in the first 18 months.
Heterosis cannot be measured directly here as deviation of 
means of crossbred females from purebred parental mean. Figures 8 
to 10 show the deviation of PLB ** 0.5, PLB = 0.75 and PLB = 0.875 from 
PLB -= 1' for BW, WH and FCG.
These results agree to some extent with those reported in the 
literature (6, 21, 42, 44). Bhat et al. (5) indicated that genetic 
group was significant (P < .05) for WH, LWP and FCG at birth and at 
3 month intervals to one year of age. Birth year affected signifi­
cantly most measurements up to 6 months of age, while birth season 
had a significant effect (P < .05) only at birth and at 3 months of 
age.
Reidsville Data
Appendix Tables 13 and 14 contain results of least squares 
analysis of variance for gain in body weight as well as birth weight,
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3, 6, 12, 15 and 18 month weights. Year, season and year by season 
interactions were significant (P < .01) sources of variation for 
weight at birth, 3, 6, 12, 15 and 18 months of age. These effects 
were also significant for gain in weight with the exception of season 
which was not significant for gain from 3 to 6 months and from birth 
to 18 months.
Differences among genetic groups were analyzed considering 8 
breed groups as follows: PLB *= 0, PLB e 0.25, PLB ** 0.375, PLB = 0.5,
PLB «* 0.625, PLB e 0.75, PLB = 0.875 and PLB = 1. PLB represents the 
proportion of inheritance from a large breed (Holstein and Brown Swiss). 
The small breed group was purebred Jersey, which corresponds to PLB =
0, and the other groups were formed by crosses of a large with a small 
breed. Body weight gains and body weights were significantly affected 
by PLB. Interaction of PLB with season was significant (P < .05) for 
body weight at 12 and 15 months, gain from 6 to 12 months and gain 
from birth to 15 months of life. Thus, evaluation of a particular 
breed group should consider season of birth. Least squares means and 
pre-planned t-tests were determined and results are presented in 
Appendix Tables 15 through 18.
Table 16 presents deviations of body weight in relation to the 
larger PLB = 1. This would indirectly be a measure of heterosis since 
the larger breed was present at the beginning of this experiment and 
was contemporaneous to many breed groups analysed.
The smallest PLB group at birth continued to weigh less across 
all ages. However, as the percentage of inheritance increased from
TABLE 16. Comparative performance of the large PLB group with other PLB groups for body weight (kg) 
at Reidsville'.
a
PLB
Trait
Wt Birth Wt 3 months Wt 6 months Wt 12 months Wt 15 months Wt 18 months
er/
1.000 100.0 100.0 100.0 100.0 100.0 100.0
.875 93.2 98.9 99.0 98.1 97.6 97.2
.750 89.7 100.0 96.4 98.0 97.4 96.5
.625 82.6 88.6 91.3 93.6 92.6 90.1
.500 79.9 87.4 90.5 92.3 91.3 90.7
.375 77.6 82.2 85.2 87.0 89.5 88.1
.250 72.4 82.7 82.0 82.5 82.1 81.4
.000 60.7 70.9 71.8 74.6 74.8 73.5
Breed group expressed as proportion of large breed.
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zero to 1 (i.e., 0, 0.25, 0.375, 0.5, 0.625, 0.75, 0.875, 1) the 
difference in weight reduction is an additive fashion. This was 
observed across all ages with the exception of weight at 3 months 
when the PLB “ 0.75 group weighed as much as the larger PLB group. 
Results do not agree with those reported in more severe tropical 
climates (4, 15, 34, 40). Other researchers have reported that as 
the fraction of inheritance of larger breed increases beyond 50% the 
growth rate decreases (4, 40). This could be related to poorer 
environmental conditions and reduction in heterozygosity which would 
override the ability of the animal with superior genotype to perform 
well.
Some researchers have suggested that heifers should be bred 
soon after 15 months of age, regardless of weight (27, 28, 29, 41). 
Appendix Table 16 shows that at this age there was a 75 kg weight 
difference between the larger (PLB «= 1) group and the smaller one 
(PLB = 0). Undersize at breeding may affect further development of 
heifers. However, with proper feeding and management practices this 
may not be of serious consequence. Figure 11 shows body weight least 
squares means for 3 PLB groups: at birth and up to 21 months at 3
month intervals. At all ages studied, the PLB « 1 group was heavier 
than either PLB « 0.5 or PLB <= 0 groups. Body weight gain was larger 
in the first 6 months of age for all PLB groups than the gain from 6 
to 12 months and from 12 to 18 months. Little gain was observed from 
12 to 18 months of age. In all cases PLB = 1 was the heavier group 
(Figure 12).
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TABLE 17. Comparative performance of large PLB groups with
other PLB groups for body weight gain at Reidsvllle.
PLBa
Trait*5
Gain 1 Gain 2 Gain 3 Gain 4 Gain 5
1.000 100.0 100.0 100.0 100.0 100.0
.875 104.1 96.8 96.0 98.5 97.9
.750 98.6 98.1 100.1 99.9 97.9
.625 92.8 95.7 96.7 94.3 91.3
.500 93.2 94.5 94.3 93.3 92.7
.375 86.0 89.3 88.7 91.5 89.7
.250 90.8 82.0 82.7 83.7 82.7
.000 72.3 74.2 78.5 77.2 75.7
0
Breed group expressed as proportion of large breed.
^Gain 1 = body weight gain from birth to 3 months, 
Gain 2 = body weight gain from 3 to 6 months, Gain 3 = body 
weight gain from 6 to 12 months, Gain 4 = body weight gain 
from birth to 15 months and Gain 5 = body weight gain from 
birth to 18 months.
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Table 17 shows that growth rate, expressed as percent of 
large breed, was also affected by proportion of Inheritance from a 
large breed. The only difference was that from birth to 3 months of 
age PLB = 0.875 was the heaviest group.
Analysis of Pooled Data
Reidsvllle and Jeanerette. All satisfactory body weight 
records from these two herds were analysed in a combined analysis 
using Model 4. The unbalanced nature of the data set made it diffi­
cult to include all interactions. Station-year-season of calving sub­
classes (HYS) were used in the model to remove these fixed environ­
mental effects. Due to the large .number of HYS subclasses (275), 
these effects and the mean were absorbed in the least squares analysis 
procedures. Generation and breed group also were included in the 
model as they were of main concern of the present analysis. Genera­
tion was included in the model to remove any possible genetic trends 
across years. However, its effect is partially confounded with year 
and season effects.
Tables 18 and 19 show the significance level obtained by Model 
4 for gain in weight and for body weight. In this analysis the main 
concern was to verify possible genetic differences among breed groups 
(Table 1), common to these two stations, rather than to estimate 
differences in growth due to percentage of large breed. The major 
reason for this was that the two small breeds i.e., Jersey and Sindhi 
are common to only one station. Generation was not significant for
TABLE 18. Least squares analysis o£ variance of pooled data (Jeanerette and
Reidsville) for body weight gain (kg) at several age intervals
(Model 4).
Trait3
Source d.f. Gain 1 Gain 2 Gain 3 Gain 4 Gain 5
F-Values and Error Mean Square
HYS (absorbed) 
Generation 4 1.04 .27 1.59 .69 .14
Breed 9 2.72** 1.45 .71 4.68* 3.74*
MSEb 482 57.19 124.44 421.16 528.97 693.30
C.V. 17.46 17.50 21.24 9.25 9.06
R2 .67 .61 .68 .73 .67
n 724 717 778 751 783
*
P < .05
**
P < .01
Gain 1 = body weight gain from birth to 3 months, Gain 2 = body weight 
gain from 3 to 6 months, Gain 3 = body weight gain from 6 to 12 months, Gain 4 = 
body weight gain from birth to 15 months and Gain 5 = body weight gain from 
birth to 18 months.
bError mean square.
TABLE 19. Least squares analysis of variance of pooled data (Jeanerette and Reidsville) for body weight
(kg) at several ages (Model 4).
Source d.f.
Trait
Wt Birth Wt 3 months Wt 6 months Wt 12 months Wt 15 months Wt 18 months
F-Values and Error Mean Square
HYS (absorbed)
Generation 4 2.17 1.25 1.35 .22 .56 .18
Breed 8 10.69** 7.34** 5.50** 3.61** 6.60** 5.15
MSEa 614 22.12 75.64 239.94 595.40 588.89 758.24
C.V. 13.67 11.18 10.84 10.18 8.56 9.46
R2 .55 .69 .65 .72 .73 .68
n 900 723 799 799 755 791
aError mean square.
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any trait studied, which agrees with other reports (14, 16, 21, 42). 
Breed group significantly affected body weight (P < .01) at all ages 
studied. However, breed group was significant (P < .01) only for 
gain between birth and 3 months, gain from birth to 15 months and from 
birth to 18 months of age.
2
As can be seen from the R values in Tables 18 and 19, the 
model accounted for 55 to 73% of variation in body weights and from 61 
to 73% of variation in weight gain at different ages. The coefficient 
of variation for body weight ranged from 8.56 to 13.67% and varied 
less than those of gain which ranged from 9.06 to 21.24%. Variations 
in gain that occurred during the first 15 and 18 months were less than 
for gain in weight that occurred from birth to 3 months, from 3 months 
to 6 months and from 6 months to 12 months. Patterns of variation in 
growth at specific ages may have been due to different management 
conditions that heifers were subjected to during their life (2, 10,
17, 42).
The data were analysed by Model 3 to explore two factor 
interactions. Results of-the least squares analysis of variance by 
Model 3 are reported in Appendix Tables 19 and 20. Least squares 
means are shown in Appendix Tables 21 and 22. Pre-planned t-test 
comparisons are presented in Appendix Tables 23 and 24.
Significant effects (P < .05) due to stations were found only 
for birth weight. Station was not significant for weight gain. Year, 
season and year by season interaction was significant for birth weight, 
3, 6, 12, 15 and 18 month weight. Season effect was not significant
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for body weight at 3 and 18 months of age. Other studies have also 
indicated that these environmental sources of variation had a signifi­
cant effect upon growth and production (5, 17, 18, 20, 21, 38, 44, 50).
Breed effect was significant (P < .01) for body weight and 
gain. Breed group separations as reported in Appendix Table 23 
indicated that all crossbred groups were significantly different from 
purebred Holsteins except S x H at birth, H x SH at 3 months, H x SJ 
at 6 months, H x SH, S x H and S x HJ at 12 months, S x H and S x HJ 
at 15 months and S x H at 18 months. Least squares means reported in 
Table 12 indicate that at 15 months only purebred Holsteins, S x H 
and H x SH were over 300 kg. H x J and S x J crossbred heifers were 
smallest during the entire period studied. Crossbred H x SH females 
made the largest weight gain up to 18 months while S x J and H x J 
gained least during the same period.
Season by breed interaction was significant (P < .01) only at 
birth, 3 and 6 months. Station by season interaction was significant 
(P < .05) only at birth.
Beltsville, Jeanerette and Reidsville. Two breeds (Holstein 
and Brown Swiss x Holstein) were common to Beltsville, Jeanerette and 
Reidsville. Analysis of variance using Model 4 was applied to data 
of these three stations and results presented in Tables 20 and 21. 
Herd-year-season subclasses (HYS *= 170) and the mean were absorbed in 
these analyses. Body weight and body weight gain were not signifi­
cantly affected by breed group or generation effects. The two breed
TABLE 20. Least squares analysis of variance of pooled data (Beltsville, Jeanerette and Reidsville) for
body weight (kg) at several ages (Model 4).
Source d.f.
Trait
Wt Birth Wt 3 months Wt 6 months Wt 12 months Wt 15 months Wt 18 months
F-Values and Error Mean Square
Generation 4 1.00 .48 .32 .36 .46 .23 '
Breed 1 .08 .27 .24 .82 1.00 1.27
MSEb 186-2543 23.69 81.28 268.32 777.16 722.28 835.58
C.V. 13.09 10.65 10.62 10.71 8.67 8.15
R2 .53 .75 .74 .79 .82 .82
n 430 333 392 414 384 424
Range of degrees of freedom.
Error mean square.
TABLE 21. Least squares analysis of variance of pooled data (Beltsville,
Jeanerette and Reidsville) for body weight gain (kg) at several
age intervals (Model 4).
Traitb
Source d.f. Gain 1 Gain 2 Gain 3 Gain 4 Gain 5
F-Values and Error Mean Square
Generation 4 .39 .28 .28 .74 .41
Breed 1 .02 .13 .46 .77 .97
MSEC 181-2113 61.32 132.09 521.08 679.59 810.58
C.V. 16.62 16.53 21.81 9.64 9.05
R2 .76 .74 .84 .83 .83
n 332 328 380 339 375
Range of degrees of freedom.
bGain 1 = body weight gain from birth to 3 months, Gain 2 = body 
weight gain from 3 to 6 months, Gain 3 - body weight gain from 6 to 12 months, 
Gain 4 = body weight gain from birth to 15 months and Gain 5 = body weight 
gain from birth to 18 months.
c
Error mean square.
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groups (H x H and S x H) did not differ significantly (P < .05) from 
each other. This indicated that crossbred heifers having Holstein 
genes should perform as well as purebred Holsteins when the other 
breed was of a large size. Large breed crosses resulted in growth 
rate as good as that of purebred Holsteins. Although the number of 
such crossbred animals was small, the results obtained agree with 
those reported previously (2, 17, 18, 38, 50). The three stations 
differed significantly (P < .05) across all ages. Body weights for 
Beltsville were heavier than those at Reidsville and Jeanerette. Since 
there was no breed group difference it may be assumed that this is
more environmental in effect than genetic.
Phenotypic Correlations Between Measurements of Body Size
Phenotypic correlations between body weights at Reidsville are
•
presented in Table 22. Phenotypic correlations among body weight at
different ages, wither height and forechest girth are presented in
Tables 23 and 24 for Jeanerette and Beltsville. All correlations 
between body weights at next closest age were higher than correlations 
taken at ages further apart at Beltsville and Reidsville. However, the 
opposite was observed at Jeanerette. The correlation coefficient (r) 
between body weight at 12 and 24 months was 0.68 while r for body 
weight observed at 18 and 24 months was 0.67. This is important for 
management purposes since heifers could be evaluated at 12 months 
instead of waiting until 18 months. Correlations between same traits 
at different ages usually are higher than correlations between
TABLE 22. Phenotypic correlations between body weight (kg) at several ages at Reidsville.
Traitb
Body Weight
Wt Birth Wt 3 months Wt 6 months Wt 12 months Wt 15 months Wt 18 months
Wt B .695** .666** .573** .603** .673**
Wt 3 .803** .621** .630** .645**
Wt 6 .770** .757** .765**
Wt 12 .898** .799**
Wt 15 .902**
Wt 18
Degrees of freedom ranged from 1231 to 1658.
^Numeric portion represents age in months.
**
P < .01
VO
Ov
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TABLE 23. Phenotypic correlations among body weight (kg), wither
height (cm) and forechest girth (cm) at several ages
at Jeanerette.3
Body Weight
Wt 6 months Wt 12 months Wt 18 months Wt 24 months
Wt B .234** .256** .273** .299**
Wt 6 .455** .429** .514**
Wt 12 .445** .681**
Wt 18 .666**
WH 6 .661** .447** .310** .497**
WH 12 .470** .653** .441** .579**
WH 18 .361** .428** .531** .617**
WH 24 .424** .423** .384** .581**
FCG 6 .691** .379** .328** .387**
FCG 12 .317** .788** .429** .489**
FCG 18 .427** .369** .761** .510**
FCG 24 .450** .598** .622** .822**
a
Degrees of freedom ranged from 92 to 266.
^Wt «= body weight, WH ■= wither height and FCG •* forechest 
girth. Numeric portion represents age in months.
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TABLE 24. Phenotypic correlations among body weight (kg), wither 
height (cm) and forechest girth (cm) at several ages at 
Beltsville.3
Traitb
Body Weight (kg)
Wt 6 months Wt 12 months Wt 18 months Wt 30 months
Wt 6 .709** .644** .497**
Wt 12 .846** .636**
Wt 18 .716**
WH 12 .547** .703** .751** .573*
WH 18 .079 .135** .125** .104**
WH 30 .476** .605** .679** .671**
FCG 12 .707** .674** .649** .516**
FCG 18 .225** .366** .398** .283**
FCG 30 .541** .627** .680** .853**
3 *
Degrees of freedom ranged from 300 to 496.
* icic
P < .05 P < .01
^Numeric portion represents age in months.
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different traits such as body weight and wither height (42, 51). 
However, results from Jeanerette indicated that the correlation was 
higher for different traits at the same age. Even though the highest 
correlation was 0.79, the coefficient of determination (r ) was only 
0.62. This means that 62% of the variation in body weight was 
related to variation in forechest girth at 12 months of age.
If correlations between body weight at different ages were of 
such a magnitude, they could be used to predict future weight. Some 
authors have studied the correlations between weight and production 
hoping to predict production based upon weight of heifers at 7 to 18 
months (8, 22, 29, 51). This would reduce the generation interval 
for females by more than one year increasing rate of genetic gain per 
year. Results found in the literature are contradictory (8, 51).
In general if wither height or forechest girth were highly 
correlated with body weight, these measurements could be used to pre­
dict weight. However, based upon results of the present study these 
variables would be poor predictors alone. At Reidsville, the heifer 
weight was highly correlated with weight at previous age. Values of 
phentoypic correlations found in the present analysis agree to a 
certain extent with those reported in the literature (42) and disagree 
with others (20, 22).
V. SUMMARY AND CONCLUSIONS
A study was conducted to determine effects of crossbreeding 
on body weight and growth rate of heifers. Data were collected from 
crossbreeding experiments conducted by participants of the Southern 
Regional Dairy Cattle Breeding Project (S-49). Data were collected 
from 1956 to 1967 at Beltsville, 1955 to 1967 at Jeanerette and from 
1948 to 1972 at Reidsville. Purebred Holstein was common to all 
three station, Brown Swiss to two station, Ayrshire and Jersey to one 
station and crossbred Red Sindhi to only one station. From all 
experiments there were records on 1,352 purebred and 1,224 crossbred 
females representing 61 different breed combinations.
Breed groups (PLB) were expressed as proportion of a large 
breed (Holstein or Brown Swiss). According to this classification, 
six major groups were studied at Beltsville, four at Jeanerette and 
eight at Reidsville. Six linear body measurements were studied at 6, 
12, 18 and 30 months of age at Beltsville and at 6, 12, 18 and 24 
months of age at Jeanerette. Linear measurements were wither height 
(WH), forechest depth (FCD), forechest girth (FCG), length from 
withers to pins (LWP), length from withers to hips (LWH) and length 
from hips to pins (LHP). Body weights were taken at birth and at 3 
month intervals up to 21 months at Reidsville and up to 42 months at 
Beltsville and Jeanerette.
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Data from each station Individually, as well as pooled data 
from two or three stations, were analysed by least squares analysis 
of variance procedures with unequal subclasses. Breed group mean
t
separations were studied by t-test applied to least squares means. 
Heterosis estimates for body weight based upon means of reciprocals 
was 1.69% at birth, 4.68% at 6 months, 4.44% at 12 months, 5.90% at 
18 months and 3.67% at 30 months for Beltsville. At this station, 
heterosis for linear body measurement ranged from 1.33% to 3.07% at 
6 months, 0.58% to 1.42% at 12 months, 1.13% to 1.85% at 18 months 
and from 0.28% to 1.51% at 30 months of age. Birth weight (kg) least 
squares means and standard errors for PLB breed groups 0, 0.375, 0.5, 
0.75, 0.875 and 1 were: 34.5 ± 0.7, 34.0 ± 1.1, 38.3 ± 0.6, 40.0 ± 
0.7, 40.7 ± 1.3 and 39.6 ± 0.6. Body weight (kg) least squares means 
and standard deviations at 15 months of age were 308.7 ± 4.7, 341.4 ± 
9.6, 347.0 ± 4.4, 365.1 ± 5.0, 371.4 ± 11.0 and 359.1 ± 3.8.
At Jeanerette, the large breed group (PLB ** 1) surpassed all 
other PLB groups at all ages for linear body measurements and body 
weight. Birth weight (kg) least squares means and standard errors 
for PLB groups 0.5, 0.75, 0.875 and 1 were: 31.1 ± 0.9, 35.0 ± 0.9,
37.6 ± 1.3 and 36.1 ± 0.6. Body weight (kg) least squares means and 
standard errors at 15 months of age were: 263.4 ± 4.3, 278.4 ± 4.3,
281.0 ± 6.3 and 288.7 ± 3.4.
Body weight at birth, 6, 12 and 18 months of age at Reidsville 
indicated that females (PLB = 1) weighed more than other PLB groups. 
The difference in weight at birth between the PLB * 0 and PLB = 1
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group was around 40%. However, at 18 months of age this difference 
was only 27%. As proportion of inheritance from a large breed 
increased, i.e. 0.25, 0.375, 0.5, 0.625, 0.75, 0.875, the weight 
difference from the PLB “ 1 group decreased. Birth weight (kg) least 
squares means and standard errors for PLB breed groups 0, 0.25, 0.375,
0.5, 0.625, 0.75, 0.875 and 1 were: 23.4 ± 0.2, 27.9 ± 0.5, 29.9 ±
0.6, 30.8 ± 0.3, 31.8 ± 0.8, 34.6 ± 0.4, 35.9 ± 0.5 and 38.5 ± 0.2.
Body weight (kg) least squares means and standard errors at 15 months 
of age were: 224.3 ±1.8, 246.2 ± 3.0, 268.6 ± 4.3, 273.7 ± 2.2,
277.7 ± 5.0, 292.2 ± 2.5, 292.8 ± 3.5 and 299.9 ± 1.6. Gain in
weight for the first 6 months of age and from 6 to 12 months was
greater for PLB groups with more than 0.5 genes from a large breed.
No significant differences in weight gain were found for PLB groups 
with more than 0.75 genes from a large breed in the first 6 months 
of age. Gain in weight from 6 to 12 months was greater for PLB groups 
over 0.625. Lower gains in weight occurred from 12 to 18 months of 
age and during this period PLB groups with 0.875 and 1 were heaviest 
but were not significantly different from each other.
Environmental sources of variation such as year and season of 
birth significantly (P < .01) affected body weight, gain in weight 
and linear body measurements across ages. The interaction of year and 
season was significant for body weight and gain in weight at 12 and 15
months of age. Season by PLB. interaction was significant (P < .01) at
12, 15 and 18 months of age for body weight at Beltsville. However, 
season by PLB interaction was not significant for body weight gain at
103
Beltsville. Season by PLB interaction was significant (P < .05) for 
body weight gain from 3 to 6 months and from birth to 15 months at 
Jeanerette. Moreover, season by PLB interaction was significant 
(P < .05) for body weight only at 12 and 15 months of age at 
Reidsville.
In general, generation effect was not significant. It was 
possible that generation effects and year effects were confounded.
The major cause of variation was PLB groups within each station.
Pooled data analysis indicated that station effects significantly 
(P < .01) affected birth weight. Season by breed and station by 
season interaction effects were significant (P < .05) for birth weight. 
Year by season interactions were significant (P < .01) for all traits 
except weight at 3 months. Station by breed interactions were signifi­
cant (P < .01) for weight at 3 and 6 months. Breed groups common to 
all three stations (Holstein and Brown Swiss x Holstein) were not 
significantly different at any body weight studied.
Based upon results of this study the following conclusions 
appear to be justified:
1. Greater heterosis was observed for body weight than for 
linear body measurements.
2. The phenotypic correlations between body weight and 
linear body measurements are low and cannot be used as good estimators 
of future weight. Phenotypic correlations for body weight at 
Reidsville were higher than those found at Beltsville and Jeanerette.
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Coefficient of determination for body weight at Reidsville ranged from 
28.09% to 81.36%.
3. No heterotic effects, when expressed as superiority over
«
larger breed (PLB ■ 1) were found.
4. Growth rate and final body weight increased as proportion 
of large breed increased.
5. Upgrading smaller breeds through crossing with larger 
breeds increased rate of gain of crossbreds under existing environ­
mental conditions.
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APPENDIX
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APPENDIX TABLE 1. Observations on major breed groups by station.
Breed group3
Station Total
Beltsville Reidsville Jeanerette Records
Purebreds
Ayrshire (A) 87 - - 87
Brown Swiss (S) 94 221 - 315
Holstein (H) 103 266 118 487
Jersey (J) - 463 - 463
Red Sindhi (R)
Two--Breed Crosses
1352
S x H 15 13 19 47
S x J - 100 12 112
H x J - 146 20 166
A x S 18 - - 18
A x H 17 - - 17
S x A 22 - - 22
H x A 27 - - 27
H x S 13
Three--Breed Crosses
13
422
S x HJ - 84 16 100
H x SJ 49 5 54
112
APPENDIX TABLE 1. Continued
Breed group3
Station Total
Beltsville Reidsville Jeanerette Records
A x SH 16 - - 16
A x HS 20 - - 20
S x AH 13 - - 13
S x HA 16 - - 16
H x AS 20 - - 20
H x SA 20 - - 20
S x RJ - - 7 7
H x R J
Backcrosses
21 21
287
H x RH - - 8 8
H x HJ - - 1 1
S x SH - 6 - 6
S x SJ - 7 - 7
H x SH - 15 14 29
H x SJ - 14 1 15
J x SJ - 46 - 46
J x HJ 63
5/8 Crosses
63
175
S x HSH 10 1 11
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APPENDIX TABLE 1. Continued
Breed group3
Station Total
Beltsville Reidsville Jeanerette Records
S x HSJ - 12 - 12
S x JSJ - 38 - 38
H x SSH - 3 - 3
H x SHJ - 61 2 63
H x JHJ - 44 - 44
J x SHJ - 28 - 28
J x HSJ - 24 - 24
J x HHJ - 3 - 3
A x SHA 5 - - 5
A x HSA 14 - - 14
S x AHS 8 - - 8
S x HAS 4 - - 4
H x ASH 4 - - 4
H x SAH 6
Others
6
266
S x HSRJ - - 1 1
S x HHJ - 6 - 6
S x HRH - - 9 9
S x HRJ - - 21 21
S x HRJJ 2 2
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APPENDIX TABLE 1. Continued
Breed group3
Station Total
Beltsville Reidsville Jeanerette Records
S x JHJ - 1 - 1
S x RJJ - - 4 4
H x SAHS 1 - - 1
H x SSJ - 2 - 2
H x SHRJ - - 9 9
H x SRJ - - 3 3
H x SRJJ - - 1 1
H x HSJ - 6 - 6
H x HHJ - 2 - 2
H x RJJ
' ‘
6 6
74
Breed of sire is identified by the first symbol of the cross.
A = Ayrshire, S = Brown Swiss, H « Holstein, J = Jersey and 
R = Red Sindhi.
APPENDIX TABLE 2. Number of animals by generation and year of birth for proportion of large breed groups
(PLB) at Beltsville.
PLB3 Generation Observations
Year Total
56 57 58 59 60 61 62 63 64 65 66 67 Observations
0 0 40 7 33 0 0 0 0 0 0 0 0 0 0
1 0 83 14 69 0 0 0 0 0 0 0 0 0 1 123
0 1 28 0 0 1 7 10 6 3 0 0 0 1 0
0.500 1 61 0 0 0 18 11 15 17 0 0 0 0 0
1 1 66 0 0 1 20 17 15 10 1 0 2 0 0 155
0 2 13 0 0 0 0 0 1 1 4 0 4 3 0
0.500 2 55 0 0 0 0 0 7 8 15 14 7 4 0
0.750 2 53 0 0 0 0 0 7 12 12 10 5 7 0
1 2 46 0 0 0 0 0 4 3 14 16 6 2 1 167
0 3 7 0 0 0 0 0 0 0 1 0 3 3 0
0.375 3 16 0 0 0 0 0 0 0 1 2 9 4 0
0.500 3 4 0 0 0 0 0 0 0 1 0 0 3 0
0.750 3 28 0 0 0 0 0 0 0 3 5 9 11 0
0.875 3 10 0 0 0 0 0 0 0 0 1 5 4 0
APPENDIX TABLE 2. Continued
PLB3 Generation Observations
Year Total
Observations56 57 58 59 60 61 62 63 64 65 66 67
1 3 16 0 0 0 0 0 0 0 0 0 5 11 0 81
0.375 4 3 0 0 0 0 0 0 0 0 0 1 2 0
0.750 4 1 0 0 0 0 0 0 0 0 0 0 1 0
0.875 4 1 0 0 0 0 0 0 0 0 0 1 0 0 5
<1
Proportion of large breed (PLB). Large breed = Holstein and Brown Swiss. Small breed = Ayrshire.
$APPENDIX TABLE 3. Number of animals by generation and year of birth for proportion of large breed groups
(PLB) at Jeanerette.
a Year Total
i'IjB Generation UDSsrvcitions • . . .  —  —
55 56 57 58 59 60 61 62 63 64 6 5  66 6 7  0bs«vationS
1 0 23 2 13 8 0 0 0 0 0 0 0 0 0 0 23
0.500 1 70 0 8 10 17 15 9 9 1 1 0 0 0 0
0.750 1 8 0 1 2 1 1 0 1 2 0 0 0 0 0
1 1 55 0 0 6 11 13 7 8 0 4 1 0 5 0 133
0.750 2 45 0 0 0 4 5 7 14 6 5 1 0 3 0
0.875 2 12 0 0 0 0 1 2 2 2 1 3 0 1 0
1 2 49 0 0 0 0 2 1 11 11 10 6 5 2 1 106
0.875 3 13 0 0 0 0 0 0 3 2 4 0 0 2 2
1 3 20 0 0 0 0 0 0 0 1 1 8 4 6 0 33
1 4 5 0 0 0 0 0 0 0 0 0 0 0 5 0 5
£
Proportion of large breed (PLB). Large breed = Holstein and Brown Swiss. Small breed = Red Sindhi 
and Jersey.
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APPENDIX TABLE 4. Number of animals by generation and year of birth for 
proportion of large breed groups (PLB) at Reid9vllle.
Genera- Obser- Year
PLB
i tion vations 48 49 50 51 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73
0 0 241 • 2 2 1 2 54 47 52 34 45 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.375 0 2 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.500 0 96 • 0 0 0 0 14 23 22 25 10 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
.0.750 0 45 0 0 0 0 0 0 5 11 18 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.875 0 4 0 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 79 0 0 5 0 20 10 10 21 12 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 94 0 0 0 0 0 0 1 1 3 18 22 11 22 11 5 0 0 0 0 0 0 0 0 0 0
■0.250 1 12 0 0 0 0 0 0 0 0 0 0 0 7 0 1 1 2 1 1 0 0 0 0 0 0 0
0.375 1 20 0 0 0 0 0 0 0 0 0 0 0 9 10 0 1 0 0 0 0 0 0 0 0 0 0
0.500 1 111 0 0 0 0 0 0 0 0 5 11 27 25 21 10 10 2 0 0 0 0 0 0 0 0 0
0.625 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0
.0.750 1 40 0 0 0 0 0 0 0 0 3 8 17 6 5 1 0 0 0 0 0 0 0 0 0 0 0
;0.875 1 25 0 0 0 0 0 0 0 0 0 4 10 1 1 5 2 2 0 0 0 0 0 0 0 0 0
ii 1 114 0 0 0 0 0 0 1 0 6 26 27 22 17 7 3 4 0 1 0 0 0 0 0 0 0
o 2 64 0 0 0 0 0 0 0 0 0 0 0 6 7 7 9 15 6 6 5 3 0 0 0 0 0
0.250 2 69 0 0 0 0 0 0 0 0 0 0 0 0 0 6 14 16 12 9 8 4 0 0 0 0 0
.0.375 2 9 0 0 0 0 0 0 0 0 0 0 0 3 2 2 1 1 0 0 0 0 0 0 0 0 0
0.500 2 24 0 0 0 0 0 0 0 0 0 0 0 1 2 5 8 5 3 0 0 0 0 0 0 0 0
Total
Obser-
467
417
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APPENDIX TABLE 4. Continued
Genera- Obser- Year
tion vationa 48 49 50 51 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73
0.625 2 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 2 1 1 1 0 0 0
0.750 2 63 0 0 0 0 0 0 1 0 0 1 1 5 14 12 11 8 2 5 3 0 0 0 0 0 0
;0.875 2 21 0 0 0 0 0 0 0 0 0 0 2 1 1 4 6 3 2 2 0 0 0 0 0 0 0
i 2 141 0 0 0 0 0 0 0 0 0 0 3 7 21 18 29 11 21 12 8 3 3 2 2 1 0
0 3 47 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 7 5 11 7 7 5 1 0 0 0
0.250 3 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 4 6 4 1 0 0 0 0
0.375 3 26 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 6 4 5 4 3 0 0 0 0 0
0.500 3 6 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 1 0 0 0 0 1 1 0 0
0.625 3 61 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 10 17 8 10 6 2 2 0
0.750 3 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 1 0
,0.875 3 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 3 4 6 3 5 2 7 4 2 0
1 3 115 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 9 22 22 18 9 8 9 8 5 0
0 4 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 4 4 2 1 0 0 0
0.250 4 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2 2 2 0 0 0 0
0.500 4 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0
0.625 4 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 1 1 3 1 0
1 4 66 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 7 10 13 13 10 10 0
Total
Obser-
400
319
102
Proportion of large breed. Large breed “ Holstein and Brown Swiaa. Snail breed “ Jersey.
APPENDIX TABLE 5. Pre-planned comparisons among breed groups for body weight (kg) with significance
level at several ages at Beltsville.
Comparison
Trait
Group3
Wt Birth Wt 3 months
Wt 
6 months
Wt
12 months
Wt
15 months
Wt
18 months
Wt
24 months
Wt
36 months
PLB (I) PLB (J) Prob > M Ho: Lsmean (I) = Lsmean (J)
.000 1.000 .0001 .0001 .0001 .0001 .0001 .0001 .0001 .0001
.375 1.000 .0001 .2896 .2347 .0671 .0640 .0031 .0013 .0003
.500 1.000 .0084 .0615 .0150 .0001 .0037 .0128 .0001 .0001
.750 1.000 .5175 .7269 .8218 .1961 .2093 .0892 .6827 .0896
.875 1.000 .3860 .8913 .6844 .2813 .2605 .2438 .1594 .3474
0
Breed group expressed as proportion of large breed.
APPENDIX TABLE 6. Pre-planned comparisons among breed groups for body weight gain (kg) at
several age intervals with significance level at Beltsville.
Comparison Group
Traitb
Gain 1 Gain 2 Gain 3 Gain 4 Gain 5 Gain 6 Gain 7
PLB (I) PLB (J) Prob > M Ho: Lsmean (I) = Lsmean (J)
.000 1.000 .0008 .0001 .0001 .0001 .0001 .0001 .0027
.375 1.000 .6286 .4896 .3559 .3075 .0146 .0973 .3844
.500 1.000 .2365 .0486 .0308 .0542 .0146 .0230 .0473
.750 1.000 .8805 .8265 .0846 .1552 .3236 .0164 .0902
.875 1.000 .8904 .4825 .0291 .2489 .3380 .3222 .0247
£
Breed group expressed as proportion of large breed.
bGain 1 = body weight gain from birth to 3 months, Gain 2 = body weight gain from 3 to 6 
months, Gain 3 = body weight gain from 6 to 12 months, Gain 4 = body weight gain from birth to 
15 months, Gain 5 = body weight gain from birth to 18 months, Gain 6 = body weight gain from 18 
to 24 months and Gain 7 = body weight gain from 24 to 36 months.
APPENDIX TABLE 7. Least squares analysis of variance for linear body measurements (cm) at
Beltsville (Model 2).
Trait3
Source d.f. WH LWH LWP LHP FCD FCG
F-Values and Error Mean Square
6 months
Year (Y) 8 2.05* 1.44 1.90 4.89** 1.44 1.94*
Season (S) 3 3.16* 5.39** 4.23** 1.34 1.35 3.66**
Generation 2 .84 .73 1.82 2.49 1.02 1.33
Breed of sire (P) 2 19.35** 6.23** 8.18** 4.51** 7.37** 11.90**
Breed of dam (D) 2 22.14** 4.91** 8.08** 6.14** 5.94** 7.83**
Y x S 20 1.73* 1.79* 1.80* 1.60* 1.47 1.49
P x D 4 2.68* 1.34 1.88 2.37* 2.50* 2.27
MSEb 219 12.72 10.90 16.87
12
3.18
months
5.71 27.09
Year (Y) 9 2.33** 1.56 1.16 1.94* .66 .80
Season (S) 3 3.65** 3.77** .89 .22 .67 .80
Generation 2 1.93 .46 .45 4.69** 1.03 .66
Breed of sire (P) 2 18.56** 6.15** 2.80 .62 7.05** 6.38**
Breed of dam (D) 2 29.79** 11.19** 7.92* 5.19** 6.17** 7.72**
Y x S 21 1.13 1.11 .59 .96 .43 .54
P x D 4 2.36* .47 .11 .24 .58 .75
MSE 288 12.08 12.42 49.23 8.16 12.06 80.36
N?N3
APPENDIX TABLE 7. Continued
Traita
Source d.f. WH LWH LWP LHP FCD FCG
F-Values and Error Mean Square
18-months
Year (Y) 9 4.00** 1.22 1.93 3.94** 2.83** 2.83**
Season (S) 3 1.01 1.47 .62 .40 .30 .91
Generation 2 2.88 1.90 1.24 1.82 3.11* 1.44
Breed of sire (P) 2 23.83** 2.90* 6.65** 5.51** 12.69** 9.92**
Breed of dam (D) 2 38.70** 7.32* 11.12** 7.32** 17.78** 20.02**
Y x S 22 1.51 .95 .98 1.31 1.25 1.27
P x D 4 1.72 2.00 2.64* 1.00 .99 3.18**
MSE 311 10.70 12.87 17.70 4.09 4.16 24.55
30 months
Year (Y) 10 2.71** 2.10* 1.97* 3.13** 1.70 2.12*
Season (S) 3 4.29** .79 1.56 1.60 2.34 9.39**
Generation 3 2.36 3.03* .95 .89 3.21* 1.52
Breed of sire (P) 2 23.77** 10.22** 9.92** 6.06** 19.02** 14.09**
APPENDIX TABLE 7. Continued
Trait3
Source d.f. WH LWH LWP LHP FCD FCG
F-Values and Error Mean Square
Breed of dam (D) 2 22.63** 4.44* 8.49** 8.62** 9.10** 10.90**
Y x S 21 .99 1.52 1.52 1.09 1.35 1.85**
P x D 4 .96 .83 1.05 .75 2.13 1.47
MSE 266 13.35 12.89 20.84 5.74 4.58 39.53
aWH = wither height, LWH = length from withers to hips, LWP = length from withers to pins, 
LHP = length from hips to pins, FCD = forechest depth and FCG = forechest girth.
Error mean square.
APPENDIX TABLE 8. Least squares analysis of variance for body measurements (cm) at Jeanerette.
Trait3
Source d.f. WH LWH LWP LHP FCD FCG
F-Values and Error Mean Square
6 months
Year (Y) 5-9b 3.19** 5.51** 6.37** 6.96** 5.19** 2.17
Season (S) 3 3.77** 2.85** 2.64* .68 .84 .20
Y x S 13-25 1.16 1.93** 1.47 1.36 2.93** 2.70**
Generation 3 .09 .87 1.69 .82 .30 1.17
PLB 3 5.11** 2.05 4.30** 1.71 2.86* 2.40
Season x PLB 9 .83 1.42 1.25 .44 .80 1.45
MSEC 84-212 15.04 14.17 21.24 8.76 7.92 51.20
n 265 265 265
12
266
months
119 119
Year (Y) 5-10 3.15** 1.99* 8.08** 14.46** 2.68* 1.17
Season (S) 3 5.33** 3.68** 10.49** 4.25** 1.51 .99
Y x S 25 2.53** 2.26** 3.89** 2.04** 1.22 .55
Generation 3 1.17 .51 .08 .23 .00 .00
PLB 3 4.16** 3.09** 1.63 .24 .60 .80
Season x PLB 9 .76 1.28 1.37 .29 1.49 .40
MSE 102-203 15.56 28.99 21.03 7.68- 17.39 115.93
n 257 256 256 256 
18 months
137 137
Year (Y) 10 .78 2.79** 6.00** 8.69** 2.86** 2.24*
Season (S) 3 1.34 2.56* 2.78* .24 1.67 1.05
APPENDIX TABLE 8. Continued
Traita
Source d.f. WH LWH LWP LHP FCD FCG
F-Values and Error Mean Square
Y x S 12-22 1.74* 2.36** 3.33** 4.28** 1.18 1.13
Generation 3 .23 .89 1.54 .63 .64 .51
PLB 3 7.15** 3.59** 3.30* .31 2.21 4.07**
Season x PLB 9 .30 2.36** 1.37 .43 1.27 .88
MSE 106-195 18.36 16.76 22.91 8.97 8.09 50.07
n 246 246 246 246 
24 months
141 141
Year (Y) 3 1.02 1.94* 4.78** 5.23** 6.74** 4.96**
Season (S) 3 .68 3.36** 3.25* .88 3.04* 2.60*
Y x S 20-21 1.61* 1.17 1.66* 1.19 .90 1.63*
Generation 3 .04 1.48 .93 2.62* .86 .71
PLB 3 6.47** 6.66** 4.18** .54 1.27 5.45**
Season x PLB 9 1.36 2.63** 1.37 .59 1.22 1.10
MSE 151-178 15.18 16.12 23.74 9.93 9.47 29.79
n 226 226 226 226 199 198
aWH = wither height, LWH = length from withers to hips, LWP = length from withers to pins, 
LHP = length from hips to pins, FCD = forechest depth and FCG = forechest girth.
Range of degrees of freedom.
APPENDIX TABLE 9. Pre-planned comparisons among PLB groups at several ages with level of
significance for body weight (kg) at Jeanerette.
Comparison Group
Trait
Wt Birth
Wt 
3 months
Wt 
6 months
Wt
12 months
Wt
18 months
Wt
24 months
Wt
36 months
PLB (I) PLB (J) Prob > |t| Ho: Lsmean (I) = Lsmean (J)
.500 1.000 .0001 .0037 .0001 .0001 .0001 .0001 .0001
.750 1.000 .2895 .0094 .0001 .0487 .0585 .0001 .0014
.875 1.000 .2588 .1943 .1196 .4118 .2850 .0043 .1300
Breed group expressed as proportion of large breed.
APPENDIX TABLE 10. Pre-planned comparison among PLB groups at several age intervals with level
of significance for body weight gain (kg) at Jeanerette.
0
Comparison Group
Traitb
Gain 1 Gain 2 Gain 3 Gain 4 Gain 5 Gain 6 Gain 7
PLB (I) PLB (J) Prob > It Ho: Lsmean (I) = Lsmean (J)
.500 1.000 .6315 .0367 .1067 .0001 .0001 .0012 .2901
.750 1.000 .0512 .1361 .6711 .0813 .0001 .1743 .9615
.875 1.000 .0898 .9560 .9939 .1576 .0231 .1009 .1377
g
Breed group expressed as proportion of large breed.
bGain 1 = body weight gain from birth to 3 months, Gain 2 = body weight gain from 3 to 6 
months, Gain 3 = body weight gain from 6 to 12 months, Gain 4 = body weight gain from birth to 
15 months, Gain 5 = body weight gain from birth to 18 months, Gain 6 = body weight gain from 18 
to 24 months and Gain 7 = body weight gain from 24 to 36 months.
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APPENDIX TABLE 11. Pre-planned comparisons among PLB groups at several ages
with level of significance for body measurements (cm) at 
Jeanerette.
Comparison Group
Traitb
WH LWH LWP LHP FCD FCG
PLB (I) PLB (J) Prob > M Ho: Lsmean (I) = Lsmean (J)
6 months
.500 1.000 .0001 .0040 .0026 .4228 .7159 .6360
.750 1.000 .0001 .0025 .0001 .0236 .0068 .0242
.875 1.000 .1832 .3393 .0254 .0480 .7787 .9238
12 months
.500 1.000 .0002 .0015 .0124 .6292 .4810 .0301
.750 1.000 .0084 .5304 .2264 .6548 .0262 .0456
.875 1.000 .1151 .1392 .0526 .2592 .3568 .6105
18 months
.500 1.000 .0001 .0010 .0085 .9497 .0537 .0021
.750 1.000 .0001 .1345 .0566 .3650 .0162 .0102
.875 1.000 .0217 .7971 .6745 .0105 .3715 .6307
APPENDIX TABLE 11. Continued
/
Comparison Group
Traitb
WH LWH LWP LHP FCD FCG
PLB (I) PLB (J) Prob > M Ho: Lsmean (I) = Lsmean (J)
24 months
.500 1.000 .0001 .0001 .0011 .6663 .0634 .0001
.750 1.000 .0001 .0116 .0047 .2145 .0241 .0002
.875 1.000 .1113 .0210 .0046 .0710 .3922 .2774
Breed group expressed as proportion of large breed.
bWH = wither height, LWH = length from withers to hips, LWP = length 
from withers to pins, LHP = length from hips to pins, FCD = forechest depth and 
FCG = forechest girth.
APPENDIX TABLE 12. Least squares means and standard errors for body measurements (cm) at
Jeanerette.
PLB3
Traitb
WH LWH LWP LHP FCD FCG
6 months
.500 92.8 + .6 58.5 + . 6 85.7 ± .7 27.1 + .4 44.1 + 1.5 117.5 + 3.7
.750 92.1 + .6 58.4 + .6 84.8 ± .7 26.4 + .4 43.4 + .7 114.8 + 1.7
.875 94.3 + .8 59.6 + .9 85.7 ± 1.0 26.1 + .6 45.7 + .8 119.1 + 2.0
1.000 95.5 + .4 60.4 + .4 88.2 ± .4 27.5 + .3 45.5 + .4 119.3 + 1.0
12 months
.500 106.5 + .7 69.1 + .9 103.5 ± .9 33.6 + .5 55.7 + 1.5 137.4 + 3.5
.750 107.4 + .7 71.8 + .9 104.8 ± .9 33.1 + .5 54.6 + .9 141.0 + 2.1
.875 107.8 + .1 70.4 + 1.3 103.4 ± 1.2 32.5 + .7. 57.9 + 1.0 144.4 + 2.5
1.000 109.4 + .5 72.4 + .6 105.8 ± .6 33.3 + .3 56.9 + .5 145.7 + 1.3
18 months
.500 115.6 + .8 76.5 + .8 114.3 + .9 37.8 + .6 61.8 + .8 158.3 + 2.1
.750 116.0 + .8 77.9 + .8 115.0 + 1.0 37.2 + . 6 61.9 + .6 161.3 + 1.5
.875 116.0 + .8 79.4 + 1.0 114.0 + 1.0 35.6 + .8 62.9 + .7 164.5 + 1.9
1.000 119.2 + .5 79.1 + .6 116.9 + .7 37.8 + .4 63.6 + .5 165.4 + 1.1
APPENDIX TABLE 12. Continued
Traitba
PLB -------------------------------------------------------------------------------------
WH LWH LWP LHP FCD FCG
24 months
.500 121.0 + .6 82.4 + .7 121.4 + . 6 38.9 + .5 65.5 + .5 171.5 + 1.0
.750 122.1 + .7 83.4 + .7 121.8 + .9 38.5 + .5 65.3 + .5 172.2 + 1.0
.875 123.5 + 1.0 82.9 + 1.0 120,8 + 1,2 37.7 + .8 66.0 + .7 174.8 ' + 1.4
1.000 125.1 + .4 85.4 + .5 124.5 + .6 39.2 + .4 66.7 + .4 176.4 + .9
cl •Breed group expressed as proportion of large breed.
bWH = wither height, LWH = length from withers to hips, LWP = length from withers to pins, 
LHP = length from hips to pins, FCD = forechest depth and FCG = forechest girth.
APPENDIX TABLE 13. Least squares analysis of variance for body weight gain (kg) at
Reidsville.
Trait°
Source d.f. Gain 1 Gain 2 Gain 3 Gain 4 Gain 5
F-Values and Error Mean Square
Year (Y) 17-19a 26.91** 16.03** 29.93** 31.47** 23.49**
Season (S) 3 11.04** 1.58 15.92** 5.47** 1.68
Y x S 47-54 5.45** 5.14** 4.61** 4.12** 3.20**
Generation 4 1.76 0.57 2.22 1.32 2.49*
PLB 7 49.45** 56.52** 32.50** 162.31** 204.43**
Season x PLB 21 1.00 1.25 1.64* 1.65* 1.27
MSEb 1126-1198 60.18 134.40 350.27 547.73 635.42
CV 18.82 19.54 20.31 9.98 9.32
R2 0.57 0.50 0.59 0.70 0.70
n 1241 1226 1299 1299 1306
* **
P < .05 P < .
Range of degrees of
01
freedom. bError mean square.
c
Gain 1 = body weight gain from birth to 3 months, Gain 2 = body weight gain from 
3 to 6 months, Gain 3 = body weight gain from 6 to 12 months, Gain 4 = body weight gain 
from birth to 15 months and Gain 5 = body weight gain from birth to 18 months.
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APPENDIX TABLE 14. Least squares analysis of variance for body weight (kg) at Reidsville.
Trait
Source d.f. Wt Birth Wt 3 months Wt 6 months Wt 12 months Wt 15 months Wt 18 months
F-Values and Error Mean Square
Year (Y) 18-19a 6.78** 25.51** 15.38** 29.90** 29.86** 21.94**
Season (S) 3 2.86* 6.52** 6.20** 29.64** 5.49** 1.49
Y x S 48-57 1.72** 4.39** 4.74** 2.93** 3.71** 3.03**
Generation 4 14.82** 3.01* 1.36 1.24 0.54 1.64
PLB 7 322.92** 197.82** 191.77** 186.63** 235.71** 281.86**
Season x PLB 21 1.31 1.03 1.09 1.92** 1.53* 1.18
MSEb 1139-1478 19.22 78.12 231.71 55.06 601.06 713.66
CV 14.01 12.15 11.43 10.47 9.20 8.82
R2 0.68 0.69 0.67 0.71 0.73 0.73
n 1590 1241 1295 1316 1313 1327
P < .05
**
P < .01
Range of degrees of freedom.
Error mean square.
APPENDIX TABLE 15. Least squares means and standard errors for body weight (kg) at Reidsville.
PLB3
Trait
Wt Birth Wt 3 months Wt 6 months Wt 12 months Wt 15 months Wt 18 months
.000 23.4 + .2 62.6 + .8 110.1 + 1.2 188.7 + 1.6 244.3 + 1.8 252.6 + 1.7
.250 27.9 + .5 73.0 + 1.1 125.7 + 1.9 208.6 + 2.8 246.2 + 3.0 279.5 + 3.2
.375 29.9 + .6 72.6 + 1.6 130.7 + 2.6 220.2 + 3.9 268.6 + 4.3 302.7 + 4.5
.500 30.8 + .3 77.2 + 1.0 138.8 + 1.4 233.5 + 2.0 273.7 + 2.2 311.6 + 2.1
.625 31.8 + .8 78.2 + 1.8 140.0 + 3.2 236.8 + 4.7 277.7 + 5.0 309.4 + 5.3
.750 34.6 + .4 83.4 + 1.0 147.9 + 1.6 247.8 + 2.3 292.2 + 2.5 331.3 + 2.5
.875 35.9 + .5 87.3 + 1.4 151.8 + 2.1 248.0 + 3.2 292.8 + 3.5 333.9 + 3.7
1.000 38.5 + .2 88.3 + .7 153.3 + 1.0 252.9 + 1.4 299.9 + 1.6 343.4 + 1.4
0
Breed group expressed as proportion of large breed.
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APPENDIX TABLE 16. Least squares means and standard errors for body weight gain (kg) at
Reidsville.
a
PLB
Traitb
Gain 1 Gain 2 Gain 2 Gain 4 Gain 5 Gain 6
.000 39.5 + .7 51.5 + 1.0 77.7 + 1.5 201.0 + 1.7 229.8 + 1.6 32.8 + 1.0
.250 45.2 + 1.0 56.9 + 1.5 81.9 + 2.4 217.9 + 2.9 251.0 + 3.0 38.8 + 2.0
.375 42.8 + 1.4 61.9 + 2.0 87.9 + 3.3 238.2 + 4.1 272.3 + 4.3 38.5 + 2.9
.500 46.4 + .9 65.5 + 1.2 93.5 + 1.8 242.9 + 2.1 281.2 + 2.0 42.6 + 1.3
.625 46.2 + 1.6 66.4 + 2.6 95.8 + 3.9 245.5 + 4.8 277.0 + 5.0 43.8 + 3.4
.750 49.1 + .9 68.0 + 1.3 99.2 + 2.0 257.8 + 2.4 257.1 + 2.4 44.9 + 1.6
.875 51.8 + 1.2 67.2 + 1.8 95.1 + 2.7 256.4 + 3.3 297.2 + 3.5 48.8 + 3.4
1.000 49.8 + .7 69.4 + .9 99.1 + 1.3 260.4 + 1.6 303.5’+ 1.4 47.9 + .9
Breed group expressed as proportion of large breed.
bGain 1 = body weight gain from birth to 3 months, Gain 2 = body weight gain from 3 to 6 
months, Gain 3 = body weight gain from 6 to 12 months, Gain 4 = body weight gain from birth to 15 
months, Gain 5 = body weight gain from birth to 18 months and Gain 6 = body weight gain from 18 
to 21 months.
APPENDIX TABLE 17. Pre-planned comparison of PLB groups for body weight (kg) with level of significance
at several ages at Reidsville.
3
Comparison Group
Trait
Wt Birth Wt 3 months Wt 6 months Wt 12 months Wt 15 months Wt 18 months
PLB (I) PLB (J) Prob > |t| Ho: Lsmean (I) = Lsmean (J)
.000 1.000 .0001 .0001 .0001 .0001 .0001 .0001
.250 1.000 .0001 .0001 .0001 .0001 .0001 .0001
.375 1.000 .0001 .0001 .0001 .0001 .0001 .0001
.500 1.000 .0001 .0001 .0001 .0001 .0001 .0001
.625 1.000 .0001 .0001 .0001 .0001 .0001 .0001
.750 1.000 .0001 .0001 .0008 .0230 .0021 .0001
.875 1.000 .0001 .2131 .4246 .3431 .0847 .0039
Breed group expressed as proportion of large breed.
APPENDIX TABLE 18. Pre-planned comparison of PLB groups for body weight
gain (kg) and the respective level of significance
at several age intervals at Reidsville.
Comparison Group
Traitb
Gain 1 Gain 2 Gain 3 Gain 4 Gain 5
PLB (I) PLB (J) Prob > M Ho: Lsmean (I) = Lsmean (J)
.000 1.000 .0001 .0001 .0001 .0001 .0001
.250 1.000 .0001 .0001 .0001 .0001 .0001
.375 1.000 .0001 .0005 .0012 .0001 .0001
.500 1.000 .0001 .0014 .0034 .0001 .0001
.625 1.000 .3357 .0439 .1600 .0016 .0001
.750 1.000 .4707 .2979 .9988 .3120 .0194
.875 1.000 .2748 .4634 .3805 .4155 .0242
Breed group expressed as proportion of large breed.
bGain 1 = body weight gain from birth to 3 months, Gain 2 = body 
weight gain from 3 to 6 months, Gain 3 = body weight gain frbm 6 to 12 
months, Gain 4 = body weight gain from birth to 15 months and Gain 5 = 
body weight gain from birth to 18 months.
APPENDIX TABLE 19. Least squares analysis of variance of pooled data (Jeanerette and Reidsville) for
body weight (kg) at several ages (Model 3).
Trait
Source d.f. Wt Birth Wt 3 months Wt 6 months Wt 12 months Wt 15 months Wt 18 months
F-Values and Error Mean Square
Station (H) 1 5.08** .25 .03 .26 .25 .18
Year (Y) 17-19a 3.29** 10.53** 7.77** 12.00** 14.87** 6.75**
Season (S) 3 5.87** 1.05 2.66* 26.54** 6.76** .36
Y x S 47-53 1.46* 1.91 2.52** 1.59** 1.94** 1.41*
Breed (B) 7 15.25** 5.38** 8.44** 6.31** 10.01** 11.66**
S x B 21 1.59* 1.25 .91 1.18 .72 .70
H x B 7 1.92 4.38** 2.60** .88 .78 1.57
H x S 3 3.44* 1.98 .78 1.30 1.95 .40
MSEb 601-768 23.67 100.10 296.75 731.41 742.87 1001.55
C.V. 14.14 12.86 12.04 11.28 9.61 9.71
R2 .40 .49 .45 .56 .57 .45
n 885 708 784 784 741 778
a Q
Range of degrees of freedom. Error mean square.
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APPENDIX TABLE 20. Least squares analysis of variance of pooled data (Jeanerette and
Reidsville) for body weight gain (kg) at several age intervals
(Model 3).
Traitc
Source d.f. Gain 1 Gain 2 Gain 3 Gain 4 Gain 5
F-Values and Error Mean Square
Station (H) 1 2.76 1.45 .50 .05 .64
Year (Y) 17-19a 11.25** 10.15** 9.45** 17.07** 7.71**
Season (S) 3 1.04 2.66* 19.00** 6.30** .80
Y x S 47-53 1.82 2.98** 1.84** 2.08** 1.50
Breed (B) 7 1.65 4.72** 1.95* 6.76** 8.31**
B x S 21 1.24 1.40 .98 .92 .76
B x H 7 3.79* 1.12 1.68 .73 1.63
H x S 3 1.95 2.34 2.83* 1.88 .55
MSEb 593-654 79.38 145.94 507.18 653.70 892.79
C.V. 20.56 18.92 23.32 10.28 10.28
R2 .43 .42 .49 .57 .44
n 707 700 760 734 768
* **
P < .05 • P < .01
a Q
Range of degrees of freedom. Error mean square.
^Gain 1 = body weight gain from birth to 3 months, Gain 2 = body weight gain 
from 3 to 6 months, Gain 3 = body weight gain from 6 to 12 months, Gain 4 = body 
weight gain from birth to 15 months and Gain 5 = body weight gain from birth to 18 
months.
APPENDIX TABLE 21. Least squares means and standard errors for body weight (kg) of pooled data
(Jeanerette and Reidsville).
Breed group3
Trait
Wt Birth Wt 3 months Wt 6 months Wt 12 months Wt 15 months Wt 18 months
S X H 38.2 + .9 85.6 + 2.0 159.8 + 3.5 258.0 + 5.4 308.4 + 5.4 345.2 + 6.1
S X HJ 35.1 + .6 77.1 + 1.3 147.1 + 2.3 250.9 + 3.6 295.6 + 3.4 332.7 + 3.9
S X J 30.8 + .6 71.2 + 1.4 137.2 + 2.4 231.1 + 3.5 273.2 + 3.4 307.4 + 3.9
H X SH 40.6 + 1.0 84.3 + 2.2 160.1 + 3.7 264.9 + 5.6 318.6 + 5.8 367.6 + 6.6
H X SHJ 36.0 + .7 82.3 + 1.7 155.0 + 2.7 252.1 + 4.2 293.9 + 4.3 334.1 + 4.9
H X SJ 32.9 + .8 76.4 + 1.7 149.0 + 2.9 248.4 + 4.4 293.0 ± 4.4 322.9 + 5.0
H X H 36.9 + .3 81.3 + .9 152.6 + 1.4 254.5 + 2.1 301.0 ± 2.2 341.1 + 2.2
H X J 30.1 + .5 72.2 + 1.2 138.9 + 2.0 235.1 ± 3.1 274.7 ± 2.9 307.3 + 3.3
Sire breed is identified with the first letter of the cross (S = Brown Swiss, H = Holstein, 
J = Jersey).
APPENDIX TABLE 22. Least squares means and standard errors for body weight gain (kg) of
pooled data (Jeanerette and Reidsville).
Breed group3
Traitb
Gain 1 Gain 2 Gain 3 Gain 4 Gain 5
S X H 46.9 + 1.8 73.7 + 2.6 97.5 + 4.6 269.6 + 5.1 306.2 + 5.8
S X HJ 42.9 + 1.2 68.6 + 1.7 103.3 + 3.1 261.1 + 3.3 298.0 + 3.7
S X J 40.3 + 1.2 64.8 + 1.8 93.0 + 3.2 242.8 + 3.3 277.1 + 3.7
H X SH 44.0 + 2.0 77.3 + 2.8 103.9 + 4.9 278.1 + 5.5 326.8 + 6.3
H X SHJ 46.9 + 1.5 69.7 + 2.2 95.4 + 3.6 257.7 + 4.0 297.3 + 4.7
H X SJ 44.1 + 1.5 71.7 + 2.2 98.6 + 3.9 261.2 + 4.2 291.0 + 4.8
H X H 44.4 + .8 69.8 + 1.2 101.0 + 1.9 263.3 + 2.1 302.7 + 2.1
H X J 42.0 + 1.1 65.7 + 1.6 94.7 + 2.8 244.8 + 2.8 277.7 + 3.2
Sire breed is identified with the first letter of the cross (S = Brown Swiss,
H = Holstein, J = Jersey).
bGain 1 = body weight gain from birth to 3 months, Gain 2 = body weight gain from
3 to 6 months, Gain 4 = body weight gain from birth to 15 months and Gain 5 = body weight 
gain from birth to 18 months.
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APPENDIX TABLE 23. Pre-planned comparisons among breed groups of pooled data (Jeanerette and Reidsville)
for body weight (kg) with the'respective significance level.
g
Comparison Group
Trait
Wt Birth Wt 3 months Wt 6 months Wt 12 months Wt 15 months Wt 18 months
Breed (I) Breed (J) Prob > 111 Ho: Lsmean (I) = Lsmean (J)
H x SH H x H .0003 .1901 .0514 .0778 .0042 .0001
H x SJ H x H .0001 .0041 .2143 .1677 .0710 .0003
H x J H x H .0001 .0001 .0001 .0001 .0001 .0001
S x H H x H .1601 .0411 .0449 .5258 .1941 .5199
S x HJ H x H .0035 .0017 .0150 .2922 .1295 .0365
S x J H x H .0001 .0001 .0001 .0001 .0001 .0001
H x J S x J .3095 .4814 .5071 .2875 .7005 .9941
Sire breed represented by the first letter (S = Brown Swiss, H = Holstein and J = Jersey).
APPENDIX TABLE 24. Pre-planned comparisons among breed groups of pooled data-
(Jeanerette and Reidsville) for body weight gain (kg) at 
several age intervals with the respective significance 
level.
g
Comparison Group
Traitb
Gain 1 Gain 2 Gain 3 Gain 4 Gain 5
Breed (I) Breed (J) Prob > M Ho: Lsmean (I) = Lsmean (J)
H x SH H x H .8428 .0103 .5700 .0105 .0002
H x SJ H x H .7973 .3639 .5170 .6286 .0148
H x J H x H .0297 .0092 .0215 .0001 .0001
S x H H x H .1887 .1383 .4489 .2420 .5518
S x HJ H x H .0690 .4568 .4380 .5213 .2198
S x J H x H .0010 .0044 .0118 .0001 .0001
H x J S x J .1881 .6024 .6097 .5683 .8700
a
Sire breed represented by the first letter (S = Brown Swiss, H = 
Holstein and J = Jersey).
bGain 1 = body weight gain from birth to 3 months, Gain 2 = body weight 
gain from 3 to 6 months, Gain 3 = body weight gain from 6 to 12 months, Gain 4 
= body weight gain from birth to 15 months and Gain 5 = body weight gain from 
birth to 18 months.
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